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Abstract 
Water Exposure and Health Impacts of Recreational Waters                          
in an Urban Watershed 
Robert Jon Praga 
Dr. Charles N. Haas 
 
 
 
As currently implemented, the Clean Water Act’s (CWA) goals that waters be 
“fishable and swimmable” have been translated to general water quality criteria set based 
upon the use designation of a particular waterbody.  Though those criteria are generally 
protective of the nation’s waters, they do not always reflect the specific risk of illness 
posed by recreational use of a particular waterbody.  The object of this work is to 
quantify the risk of excess morbidity associated with recreational use of three urban 
waterbodies.  Combined Sewer Overflows (CSOs) are found along all of these 
waterbodies.  Using risk assessment, the risk associated with recreation in these 
waterbodies will be examined for both wet and dry weather conditions. 
Risk assessment is a method by which the health hazard associated with contact 
with a certain substance or participation in a particular activity can be measured.  Using 
this method, risk is calculated as the probability of contact or participation occurring 
multiplied by the severity of the harm brought on by the contact or participation. 
Quantitative risk estimates were developed for Enterococcus spp. and E. coli at 
each of 7 sites where water sampling was conducted.  Individual as well as overall daily 
risk estimates for excess morbidity were based on measured concentrations of bacterial 
indicator organisms and observed use patterns at sites on the waters where use was most 
frequent.  The Crystal Ball statistical package for Microsoft Excel was used to 
estimate the risk by Monte Carlo analysis, where the inputs were distributions of bacterial 
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concentrations and use frequency which were fitted individually for each site where data 
was collected, as well as appropriate dose-response functions. 
In theory, if a CSO discharge results in an increase in indicator bacteria 
concentration in a body of water and therefore an increase in the risk of illness due to 
contact with that water, it is expected that there would be a larger difference in risk due to 
contact with water upstream when compared with water downstream of the CSO when it 
is discharging (wet weather) than when it is not discharging (dry weather).   
As an increase in risk was not seen, CSO discharge doesn’t appear to influence 
water quality and the associated risk from water recreation.  At both sites on Waterbody 1 
where samples were taken both upstream and downstream of CSOs, there was no change 
in the difference in risk due to contact with water upstream when compared with water 
downstream of the CSO during wet weather as compared to dry weather.  On Waterbody 
3, there appeared to be some change in the difference in risk between the two sites, but 
that change was almost eliminated when the estimated ingested dose of recreators was 
taken into account.   
The minimal effect of CSO discharge on indicator organism concentration 
indicates that any organisms present in the waters that were sampled were likely carried 
from upstream locations.  This also indicates that any remedial strategies that focus 
exclusively on CSOs, such as outflow holding tanks or flow minimization will likely fail 
to significantly reduce indicator organism concentration levels.   
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I. Introduction 
As currently implemented, the Clean Water Act’s (CWA) goals that waters be 
“fishable and swimmable” have been translated to general water quality criteria based 
upon the use designation of a particular waterbody.  Though those criteria are generally 
protective of the nation’s waters, they do not always reflect the specific risk of illness 
posed by recreational use of a particular waterbody.   
Recreational use is an all encompassing term which includes all activities that 
could conceivably result in an individual having contact with a body of water.  Such 
activities include: swimming, wading, fishing, boating, and water/jet skiing.  The risk of 
illness associated with these activities derives from the possibility of ingestion of 
pathogenic organisms living in the water, as well as some additional risks from inhalation 
and skin contact.  The main source of risk is due to ingestion, which depends on both the 
concentration of organisms in the waterbody as well as the amount of water ingested, 
which in turn will many times depend on the type of recreational activity being 
performed. 
The object of this work is to quantify the risk of excess morbidity associated with 
recreational use of three urban waterbodies.  Combined Sewer Overflows (CSOs) are 
found along all of these waterbodies.  Using the estimated annual risk of illness 
calculated by risk analysis, the risk associated with recreation in these waterbodies will 
be examined for both wet and dry weather conditions.
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II. Previous Work 
Most published epidemiological studies of illnesses related to recreational use of 
fresh waters focus on gastrointestinal (GI) illnesses (Wade, Calderon et al. 2006) because 
these illnesses are the most serious and prevalent hazards of recreational exposures and 
because current U.S. EPA water quality criteria are related to gastrointestinal illness 
(Wade, Pai et al. 2003).  Other illnesses related to recreational exposure to non-
chlorinated waters include wound infection, otitis, conjunctivitis (Dewailly, Poirier et al. 
1986) and swimmer’s itch (Verbrugge, Rainey et al. 2004).   
Morbidity associated with recreational exposure to fresh waters is strongly 
dependent on the nature of recreational activities.  In particular, whether or not a 
recreational user is submerged (Seyfried, Tobin et al. 1985; Dewailly, Poirier et al. 1986), 
time of exposure (Sorvillo, Fujioka et al. 1992; Wade, Calderon et al. 2006), and age and 
immunocompetency of the recreational user (Seyfried, Tobin et al. 1985; Lepesteur, 
McComb et al. 2006). 
Relating water quality data to health outcomes is complicated by temporal 
variations in water quality (e.g., Whitman, Nevers et al. 2004) and because indicator 
organisms (rather than organisms with direct health implications) are used for 
quantification of water quality (Favero 1985).  These two complications result in there 
being very few data sets available for which both water quality data and epidemiological 
data are available (Anderson, Whitlock et al. 2005). 
Temporal variations in bacterial loads occur with rainfall.  For rains of sufficient 
intensity, stormwater runoff washes bacteria, protozoa and viruses into streams.  
Stormwater may also dilute bacterial suspensions, or cause combined sewer overflows 
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(CSOs), which may discharge bacteria, viruses and protozoa in high concentrations.  
Once in the stream, the fates of indicator and pathogenic organisms differ between 
species or even strain and depending on whether the organism is in the water column or 
sediments (Pruss 1998). 
Indicator organisms are used to assess microbial exposure because sampling and 
culturing all potential pathogenic organisms is impractical and because indicator 
organisms have been shown to be reliable indicators of sewage.   
A brief summary of the indicator organisms considered in this work is presented  
 
in Table 1.   
 
 
 
Table 1:  Summary of Indicator Organisms Considered in This Work. 
Organism Epidemiology link and notes 
Enterococcus spp. 
Correlates best with health outcome in both marine and 
fresh waters (Wade, Calderon et al. 2006).  Correlated with 
GI illness at Lake Michigan and Lake Erie beaches, with 
the correlation between the indicator and illness increasing 
with exposure time (Anderson, Whitlock et al. 2005).  Less 
environmentally persistent in fresh waters than fecal 
coliforms or E. coli (Cabelli, Dufour et al. 1982; Favero 
1985; Pruss 1998) 
Escherichia coli 
Correlates more poorly with health outcomes in fresh 
waters than  in marine waters (Zmirou, Pena et al. 2003)  
Fecal coliforms 
Correlates more poorly with health outcomes than 
Enterococcus spp. in both marine and fresh waters, and 
worse than E. coli in fresh waters (Pruss 1998).  No 
significant association was seen between indicator density 
and the natural log relative risk in either marine or fresh 
waters (Wade, Pai et al. 2003). 
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As indicated in Table 1, E. coli and particularly Enterococcus spp. are useful 
indicator organisms.  They offer the additional advantage of having published dose-
response relations and data.  
II.A Related Studies  
Event-based pathogen monitoring for Cryptosporidium and Giardia, as well as 
other indicator organisms, was conducted in the drinking water supply system for Boston, 
Massachusetts (Rees, Long et al. 2006). The goal of this study was to identify the risk 
due to the entry of these organisms into surface waters during periods of surface runoff, 
as well as to optimize storm sampling procedures for these parameters.  The study found 
that elevated pathogenic risk may be associated with specific land uses, and that in small 
headwater streams the existence of infected populations within the watershed was more 
directly related to detection than was the opportunity for transport in terms of the 
magnitude of a hydrologic event.  Pathogen transport potential also appeared to be 
elevated when saturated soil conditions exist, with a higher number of positive detections 
occurring during wetter than average (in terms of precipitation) water years.  In addition, 
neither standard nor alternative indicator organism data were found to be promising 
candidates as stand alone indicators of pathogenic risk, and to definitively determine 
presence or absence, Cryptosporidium and Giardia testing must be conducted directly. 
In Chicago, Illinois, a risk assessment study was undertaken to evaluate the 
human health impact of not disinfecting the effluents from three local water reclamation 
plants versus initiating effluent disinfection.  The study was conducted in two separate 
phases: Phase I was a dry weather risk assessment, and Phase II was a wet weather risk 
assessment (Geosyntec Consultants 2006).  At this point in time only the Phase I report 
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has been released.  The results of the dry weather analysis demonstrated that in each of 
the three waterway segments sampled, the expected illness rates were all below the 
USEPA limit of 8 illnesses per 1000 exposure events for freshwater recreational use.  For 
each waterway segment the risks associated with exposure to the effluent pathogen 
concentrations were higher than those associated with in-stream concentrations, and for 
two of the three segments the risk of illness was greater downstream of the effluent 
outfall than upstream.  Overall, the results indicated that the levels of pathogens in the 
waterway segments during dry weather conditions are low and correspond to a low 
probability to developing gastrointestinal illness.
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III. Methodology 
Risk assessment is a method by which the health hazard associated with contact 
with a certain substance or participation in a particular activity can be measured.  Using 
this method, risk is calculated as the probability of contact or participation occurring 
multiplied by the severity of the harm brought on by the contact or participation.  The 
most popular approach to determining risk is a four-stage process consisting of: hazard 
identification, exposure assessment, dose response assessment, and risk characterization. 
In hazard identification, the cause of the risk is identified.  For this study, the 
hazard is waterborne microbiological organisms.  These organisms, when introduced to 
the human body through ingestion, inhalation, or dermal exposure have the ability to 
cause adverse effects such as gastrointestinal illness.  As there are many organisms that 
can be harmful to humans, it would be very difficult to efficiently test for each one 
separately.  For this reason, indicator organisms are utilized.  Indicator organisms may 
not cause illness themselves, but their presence is a good indicator of risk, and a good 
indicator will correlate well with health outcomes.  The three indicator organisms 
examined in this study are fecal coliforms, enterococci, and E. coli. 
In exposure assessment, the risk itself is identified.  For a hazard, a determination 
is made of who is at risk of exposure, the method by which they are likely to be exposed 
to the hazard, and the magnitude of the hazard they are likely to be exposed to over a 
specific period of time such as a day or a year.  For this study, the people at risk of 
exposure are those who recreate in the study waters.  This includes swimmers, waders, 
boaters, jetskiiers, and people fishing.  As the hazard being investigated is waterborne, it 
was assumed that the chief exposure route was through ingestion of water.  In 
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determining the magnitude of the exposure, or dose, not only were the concentrations of 
indicator organisms in the water measured, but the likely difference in ingestion rates 
between swimmers and non-swimmers was also taken into account.  For each body of 
water where sampling was conducted, distributions were developed which related 
organism concentration to probability of occurrence.  In addition, individual ingestion 
rates could be estimated based on the type of activity that a recreator was engaged in.  For 
both swimmers and non-swimmers, ingestion volume distributions were developed which 
estimated ingestion based on the age of the recreator, as well as the time spent recreating.  
By combining the distributions for concentration (measured in terms of concentration per 
100mL of sample) with the distributions for ingestion volume, it was possible to obtain 
more accurate dose estimates for recreators who engaged in a variety of activities. 
The purpose of the dose response assessment is to determine the relationship 
between hazard dose and response.  Many times these determinations are made through 
epidemiological studies where populations who are currently being or have in the past 
been exposed to a hazard are monitored for adverse effects.  At a certain dose, the 
response is measured as the number of people exhibiting a specific adverse effect in 
excess of the number that would normally be expected in an unexposed population.  In 
this study, the adverse effect was gastrointestinal illness, and dose-response relationships 
were found for both enterococci and E. coli.   
Risk characterization is an estimate of the magnitude of risk and the uncertainty 
associated with the estimate.  The risk characterization is based on the three factors 
above; hazard identification, exposure assessment, and dose response assessment.  In this 
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study, the risk characterization is the estimated probability of illness for a given activity, 
time, and place, based on the indicator organism concentration in that waterbody. 
III.A Study Methodology 
The object of this study is to quantify the risk of excess morbidity associated with 
recreational use of urban waterbodies.  As the urban area we examined has a temperate 
climate, recreational use was not expected year round.  After examining seasonal 
variations in weather, including rainfall and temperature, as well as taking into account 
the academic calendars of local schools, it was decided to focus our efforts on the period 
of time between Memorial Day in late May and Labor Day in early September.  The 
length of this period is approximately 100 days, and is considered the recreational season 
for the purposes of this study. 
 Prior to beginning work on the study, we sought to identify sites where 
significant recreational activity was believed to occur.  Preferably, these sites would also 
be in close proximity to a CSO, so that the effect of an overflow could be examined in 
terms of excess risk due to the CSO.  In order to establish sites which fit this description, 
interviews were conducted with local experts, and the advice of local water department 
staff was also solicited.  The results of the expert interviews are located in Appendix A. 
Once appropriate sites were identified, a pilot study was performed prior to the 
beginning of the recreational season in 2007.  The pilot study consisted of one sampling 
event, where water samples were collected from each site, and a pilot survey, where team  
members surveyed each site for recreational activity at a time of day when such activity  
 
 9 
would generally be expected.  The purpose of this pilot was to familiarize the team 
members with each site, as well as to practice sample collection technique and to 
determine the timing and logistics of collecting the samples and transporting them to a 
Pennsylvania Department of Environmental Protection (PADEP) certified laboratory for 
analysis. 
Once the recreational season began, sampling and surveying were conducted on a 
regular basis.  Sampling was conducted during both wet and dry weather conditions, with 
a wet weather event being defined as a rain event of at least 0.10” as measured at the 
local airport which affected all of the sampling sites.  For wet weather events, sampling 
was conducted prior to the expected rain event, and on the two mornings following the 
rain event.  Due to these requirements, convective storms were rarely considered wet 
weather events, as many times they did not affect all the sampling sites.  In addition, the 
uncertainty associated with the time and location of the storms’ formation many times 
prevented the collection of a pre-event sample.  Sampling during dry conditions was 
conducted on mornings which were at least 72 hours after the most recent precipitation, 
regardless of whether or not it was considered a rain event.  Sampling was conducted for 
every weekday rain event where sufficient manpower was available for timely sample 
collection.  Weekend rain events were excluded due to the limited operating hours of the 
PADEP certified laboratory.  During weeks where no rain events were expected, an 
attempt was made to arrange at least one dry weather sampling event. 
Surveys were conducted at each sampling site, concurrently with sampling as well 
as additionally on days when sufficient personnel were available for more thorough 
assessments.  When surveys were conducted concurrently with sampling, no extra time 
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was taken for the survey.  If any activity was observed, the sampler would note the time, 
weather conditions, number and ages of recreators, and the activities in which they were 
engaged, and record the information once sampling had been completed.  When 
surveying was carried out independently of sampling, the surveyor would remain at the 
site for an extended period of time and would periodically record all relevant information.   
Once the recreational season was concluded, the literature was surveyed for dose-
response and exposure estimates for enterococci and E. coli.  A literature survey for fecal 
coliforms was not conducted due to its poor correlation with health outcomes.  Also, 
distributions relating indicator organism concentration to relative frequency were 
developed for each sampling site.  For the preliminary analysis, one distribution for all 
samples at each site (collected during both wet and dry weather) was developed for each 
indicator organism.  For the refined analysis, separate distributions for wet and dry 
weather samples were developed for each indicator organism.   
Utilizing these distributions as well as a dose-response relationship, risk 
estimations were conducted via Monte Carlo analysis for each indicator organism.  In the 
remainder of this section, the sampling and surveying sites will be described in detail, and 
the methodologies for the sampling and surveying will be introduced.  
III.B Description of Study Waters 
III.B.1 Waterbody 1 
In the study area, nearly all of Waterbody 1 lies within a local park system.  The 
creek banks are lined with trees for most of the reach in the study area and cannot be 
viewed from the road in most locations.  For much of the study area, asphalt or gravel 
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paths run along the river and access to the river is easy.  Several large CSO outfalls are 
located within the study area. 
The Site 4 storm sewer is located approximately 200 m upstream of a small dam 
near the northern border of the county.  The pool behind the dam is a known area of 
recreational use. 
Access to Waterbody 1 in the vicinity of Site 6 is gained from the West via 
approximately 50 m of paths through a thickly wooded area.  Access from the East can be 
gained from the parking lot of an apartment complex, though no well-traveled paths to 
the river were seen on its left bank.  By virtue of its easy access and depth, the pool at the 
mouth of the Site 6 CSO is a potential recreation area, though no recreation was observed 
at that site during the pilot study. 
Near the southern extent of the Waterbody 1 study area, there are two outfalls 
located on the west bank, across from Site 5.  The upstream outfall can be accessed from 
a nearby intersection.  A large pool is found immediately downstream of the outfall.  
Significant amounts of debris were observed in the outfall pool on all visits to the site.  
The downstream outfall discharges into a small pool which discharges to a riffle. 
III.B.2 Waterbody 2 
The study area of Waterbody 2 extends south from the county line to the northern 
border of a nature preserve.  From the county line (the upper extent of the study area), 
Waterbody 2 and Waterbody 4 flow through a relatively less-used portion of the local 
park system.  In that area, the streams are quite shallow and access requires hiking 
through wooded areas.  Downstream of the confluence of the Waterbody 2 and 
Waterbody 4, Waterbody 2 flows through areas with mixed light industrial use and 
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undeveloped portions.  South of this area, Waterbody 2 is within a local park.  Within this 
park, Waterbody 2 is tree-lined and a gravel trail runs parallel to the stream.  The park 
along Waterbody 2 receives heavy usage on fair days, especially during the weekends. 
Significant features (all suspected sites of recreational use) along Waterbody 2 are 
a Community Environmental Education Center, Site 1, the confluence of Waterbody 2 
with Waterbody 5, and the nature preserve.   
At the Community Environmental Education Center, a pedestrian bridge crosses 
the stream in the vicinity of a shallow, rocky area ideal for wading.  During the pilot 
survey, children and adults were often observed in the vicinity of the Education Center, 
though none in the water.  Children and adults questioned in the vicinity of the education 
center indicated that few people enter Waterbody 2 and that exposure was likely limited 
to wading. 
Access to the Site 1 is easily obtained from local streets.  The pool behind the 
dam offers the opportunity for wading or, possibly, submersion at high water level.  
Accumulated debris and worn paths indicate frequent use of the site. 
III.B.3 Waterbody 3 
The Waterbody 3 study waters extend from Site 3 to the confluence of Waterbody 
3 with Waterbody 6.  A large dam at Site 3 marks the limit of tidal influence on 
Waterbody 3 and the section of the waterbody below the dam is often referred to as the 
tidal waterbody. 
From Site 3 south to Site 2, Waterbody 3 flows through areas of mixed land use 
(commercial, industrial, dense residential and park lands).  Downstream of Site 2, land 
use on the banks of Waterbody 3 is industrial and access is limited. 
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Because of its size (in terms of both width and flow relative to the Waterbody 1 
and Waterbody 2) and access, recreational uses of Waterbody 3 were expected to differ 
significantly from the other two study waters.  Fishing, rowing, kayaking, power boating 
and use of jet skis are seen periodically in Waterbody 3 and recreational activity in 
Waterbody 3 is less likely to be localized than on the other study waters.  In addition to 
boat launches, recreational users can access Waterbody 3 from points along the all-
purpose path along the river’s west bank south of Site 3, as well as at Site 2. 
III.C Water Quality Sampling Methodology and Bacterial Enumeration 
The study’s original sampling procedures (proposed in the reporting after the pilot 
survey) were collection of three 1000mL samples both upstream and downstream of five 
sites, for a total of thirty 1000mL samples per sampling event.  Sites were chosen based 
on both their known or assumed popularity for recreational use, which was confirmed 
during the pilot survey, as well as their proximity to a CSO.   
Sampling was conducted as follows.  Each sample was collected by wading as 
closely as possible to the middle of the waterbody and holding the sample bottle 
approximately 6” under the surface of the water while facing upstream with the bottle 
held out in front of the sampler.  For the sites on Waterbody 1 and Waterbody 2, the 
streams are wadeable and samples were drawn from portions of the stream where the 
water flowed freely.  At Site 3, study personnel waded from a sand bar approximately 
400m downstream of the dam to a water depth near the top of hip waders and sampled as 
described above.  At Site 2 wading was not possible due to the depth of Waterbody 3 at 
that point, so samples were drawn from the side of a floating dock located in the middle 
of the river reach along a meadow in the North part of the site. 
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After samples were drawn, the sample bottles were closed tightly and stored in a 
cold cooler until they were delivered to a laboratory for analysis.  Samples were generally 
delivered to a private laboratory for enumeration within 2-3 hours of collection of the 
first sample and the laboratory commenced analysis within a 6-hour hold-time limit. 
Early in the recreational season, changes were made to this original procedure.  
The changes streamlined the sample collection procedure, and eliminated unnecessary 
time expenditures and costs.  These changes included: reducing the sample volume for 
each site, reducing the number of samples for each site, reducing the number of sites, and 
adjusting the time frame in which we gathered samples. 
Sample volume was reduced from 1000mL to 250mL because only 5mL of 
sample was necessary for analysis, and the smaller sample bottles were both lighter and 
easier to transport.  The ideal dilutions (and required sample volumes) were selected as 
the Drexel researchers and certified laboratory determined the typical range of bacterial 
concentrations encountered in the study waters.   
Sample number was reduced from three samples per site to two samples, as two 
samples were deemed to be a sufficient check on sample-to-sample variation and 
laboratory quality.  The number of sample sites was reduced from ten to seven, with the 
upstream sample being eliminated at Site 1, Site 2, and Site 3.  The upstream sample at 
Site 1 was eliminated due to difficulty in locating the CSO, while the upstream samples at 
Site 2 and Site 3 were eliminated due to difficulty in gaining access to appropriate 
sampling locations and because insufficient information on river hydraulics were 
available to determine whether water quality was influenced by CSO discharges. 
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The laboratory chosen to process all samples was EMSL Analytical.  EMSL is 
PADEP approved, as well as being a short drive from the last sampling site.  Due to the 
time necessary for EMSL to process samples, it was requested that samples be received at 
the laboratory no later than 1:00pm.  Due to this request, all sampling was completed in 
the morning, regardless of the time of the previous wet weather event. 
Our final sampling procedure was designed for two people, as the time necessary 
to collect all the samples and then transport them to EMSL made it impossible for one 
person alone to complete.  Prior to sampling, both the coolers used for sample storage 
were stocked with reusable icepacks, and one of the two samplers prepared a reverse 
osmosis deionized (RODI) water travel blank, which was then placed in one of the 
coolers and carried along during sampling. 
The seven sampling sites were split into two groups, one for each sampler.  The 
first group of sites consisted of the sites on Waterbody 2 and Waterbody 3, while the 
second group of sites consisted of both of the upstream and downstream sites on 
Waterbody 1.  At Site 1, the sample was collected just downstream of a dam.  On 
Waterbody 3 the samples were collected from the downstream fishing pier at Site 2 and 
from a small beach area south of an overpass at the Site 3.  On Waterbody 1, samples 
were collected upstream of the CSO outfall and downstream of the dam at Site 4 and 
upstream and downstream of the CSOs at Site 5.  At the two sampling sites on 
Waterbody 1, the downstream site was always sampled before the upstream site in order 
to avoid contamination.  Immediately after sampling the bottle was closed tightly and 
stored in a cold cooler until it was delivered to EMSL for analysis. 
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Once all samples had been collected, the two samplers met at Site 3, where all 
samples (including the travel blank) were combined into one cooler and chain of custody 
forms for EMSL and Drexel University completed.  The samples were then immediately 
transported to EMSL, where they were received and signed for on both chain of custody 
forms by EMSL personnel. 
III.D Recreational Use Survey Methodology and Strategy 
III.D.1 Original Survey Plan 
Following the identification of a rain event, survey teams were to conduct four 
surveys of each of the five sampling sites.  The first survey was to be conducted within 
12 hours before the start of a rain event.  The second survey was to be conducted 24 
hours after the first survey, the third survey 48 hours after the first survey, and the fourth 
survey 72 hours after the first survey. 
Recreation surveys were to be “snapshot” in nature, lasting between 10 and 15 
minutes per survey site and would be conducted between 3-5pm.  The following data 
fields were used: surveyor, area, site, date, day of the week, start time, end time, air 
temperature (°F), general weather conditions, wind direction and speed, rain intensity, 
activity location, activity, total number of people, type of exposure, age of recreator 
(adult (18+ years), youth (10-18 years), child (0-10 years)), and miscellaneous notes.  
Age of recreators was estimated based on the judgment of the surveyor.  Surveyors 
attempted to fill in all data fields as accurately as possible.  If no recreation was observed, 
“No Recreation Observed” was to be entered on the form. 
Survey sites were selected based on results from the pilot survey and chosen to 
provide the best opportunity to witness recreational activity on each of the three targeted 
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waterways.  In all, five sites were selected.  This was determined to be the maximum 
number of sites that could be successfully surveyed with available staff.  The survey sites 
were intended to match the sampling sites with the aim of collecting both types of data 
for each site, hence there was overlapping of the two. 
III.D.2 Revised Survey Plan 
The month of July 2007 was very dry, and limited survey data was collected.  To 
improve the quantity and quality of survey data, the decision was made to change survey 
strategies.  Specifically, longer survey periods at each site were determined to be more 
likely to provide comprehensive information about recreational activities and durations. 
In the revised survey plan, in addition to the surveying conducted during sampling 
events, each site was surveyed between 31 July and 12 August, approximately every 
other day, from 11am-5pm at the sites on Waterbody 1 and Waterbody 2 and 11am-6pm 
at the sites on Waterbody 3. This survey plan was executed over the course of two full 
weeks, including weekends. A data field for duration of activity was also added to the 
form completed by the surveyors. 
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IV. Risk Analysis Methods 
Risk analysis determinations were made for enterococci and E. coli as they are 
considered to be the two indicator organisms which correlate best with health outcomes, 
and there are reliable dose-response relationships available for both of them.  No risk 
analysis determination was made for fecal coliform as it has been found to correlate 
relatively poorly with health outcomes. 
IV.A Preliminary Monte Carlo Analysis 
In making an initial determination of the average individual risk from enterococci 
due to recreational activity at the 7 sampling sites, the log-transformed sample data 
collected from each site during both wet and dry weather events during the months of 
June-October 2007 were combined and fit to three common statistical distributions; the 
Weibull, Gamma, and Lognormal.  Each distribution produced a cumulative distribution 
function (cdf), which relates a specific concentration of enterococci bacteria to the 
probability of a concentration that is equal to or less than that specified occurring on a 
given day.  Risk estimates were derived by utilizing the distribution that most accurately 
described the sample data for each site or group of sites, as determined by Kolmogorov-
Smirnov1 (K-S) statistical ranking.  The sample data collected for all indicator organisms 
at all sites is provided in Appendix B.   
                                                 
 
1 The Kolmogorov-Smirnov test determines whether a set a values in a sample can reasonably be thought to 
have come from a population having a specified theoretical distribution.  The test involves specifying the 
cumulative frequency distribution which would occur given the theoretical distribution (the null 
hypothesis) and comparing that with the observed cumulative frequency distribution.  The point at which 
these two distributions, theoretical and observed, show the greatest divergence is determined.  As the K-S 
value decreases, the probability that the sample values were drawn from the theoretical distribution 
increases (Siegel, Castellan 1988)  
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Individual risk estimates (the per-day, per-person risk of illness due to 
recreational use of a body of water) were determined using a Monte Carlo analysis 
completed in the Crystal Ball® statistical package, which is an add-in for Microsoft 
Excel®.  To perform this analysis, enterococci concentration values were randomly 
drawn from the cdf for each site and substituted into the appropriate dose-response 
model, which is described below.  By drawing 10,000 samples for each analysis, a 
distribution of risk estimates was developed that describes the range of illnesses per 
person that can be expected on a randomly chosen day for a recreational site based solely 
on the relative frequency of bacterial concentrations. 
A different method was necessary for producing distributions relating the 
concentrations of E. coli bacteria to the probability of that concentration occurring on a 
given day.  Because insufficient E. coli data to produce an accurate distribution in Crystal 
Ball was initially available, historical data from three sites was provided by CDM: one 
site on Waterbody 1, one Waterbody 2 site, and one site on Waterbody 3.  This data, for 
which distributional fits analogous to that of the enterococci data were modeled, is 
provided in Appendix C. 
Two dose-response models were used to determine the probability of illness 
associated with recreational use of the study waters.  Both of these models are found in 
the U.S. EPA research and development document on which current recreational use 
regulations were derived (Dufour 1984).  One model relates excess gastrointestinal 
illnesses to enterococci concentration and the other to E. coli concentration.  Neither of 
these relationships is a strict dose-response curve, given that probability of illnesses is 
presented as a function of concentration, not dose. 
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As many dose-response models available in the literature relate risk of illness to 
the concentration of indicator bacteria in a waterbody, the results presented for those 
models are likely the most applicable, and so are presented in the body of this report.  
Alternatively, risk may be estimated based on a corrected estimated volume of water 
ingested by swimmers rather than the characteristic 100mL volume when determining 
risk.  The methods used to determine the distribution of ingested volumes for swimmers 
as well as to determine the ingestion rate of non-swimmers are detailed in Appendix D.   
IV.B Refined Monte Carlo Analysis 
In creating a more detailed estimate of the average individual risk from 
enterococci and E. coli due to recreational activity at our 7 sampling sites, two changes 
were made from the preliminary analysis.  First, the only data utilized for the refined 
analysis was that collected by the Drexel team during the months of June-October 2007.  
This included sample data for E. coli, where these data replaced those which had been 
provided by CDM for the preliminary analysis.  Secondly, all lab analyses resulting in 
concentrations of either absent or less than a value were amended to reflect a value of 
half of the limit of detection for that sample, which for most samples was 20CFU/100mL 
as based on a 5mL sample volume. 
Prior to conducting the refined analysis, a test was conducted to determine 
whether there was any statistical difference between the first and second samples 
collected during each sampling event by testing whether the organism concentrations for 
both samples appeared to be drawn from the same distribution.  This was accomplished 
by running a two sample K-S test in the R statistical package (R Development Core Team 
2008).  For this test, all of the first samples collected for a specific indicator organism at a 
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site were grouped and compared with all of the second samples collected for the same 
organism at the same site.  The two sample K-S test is similar to the K-S test described 
above, except that instead of being compared to a statistical distribution, a set of values is 
compared to a second set of values.  From this test a p-value was determined, which 
increases with the likelihood that the two sets of values being compared were drawn from 
the same distribution.   
In generating the refined analysis, the main difference in approach from the 
preliminary analysis was that the sample data was split into wet and dry components.  In 
the preliminary analysis, all of the data for enterococci or E. coli at each site, collected 
during both wet and dry weather, was combined and utilized for the determination of risk.  
For the refined analysis the data was separated, allowing for observation of differences in 
risk due to weather conditions. 
When the data sets from the preliminary analysis were split into their wet and dry 
weather sample components and the E. coli data collected by the Drexel team was 
utilized instead of that which had been provided by CDM, most of the resulting data sets 
were left unable to be fit to statistical distributions by Crystal Ball.  This was because 
Crystal Ball requires that a data set being fitted to a statistical distribution have 15 data 
points, which most of our data sets did not have.  Because of this, it was decided that 
while the Monte Carlo analyses of risk would still be performed in Crystal Ball, the 
distribution and goodness of fit parameters for the Weibull, Gamma, and Lognormal 
distributions for each data set would be determined in R, as R does not require a 
minimum number of data points to determine distribution parameters.  In addition to the 
number of data points required to fit distributions, another significant difference between 
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Crystal Ball and R is the location parameter.  When describing both Weibull and Gamma 
distributions, the two parameters normally cited are scale and shape.  Location is an extra 
parameter that Crystal Ball uses to describe the smallest data value in the set that is being 
fitted.  Crystal Ball will then use this point as the starting location for the curve, rather 
than starting at zero.  This is not desirable for our purposes, as we cannot be certain that 
there are never indicator organism concentrations lower than the ones we have collected.  
R does not utilize the location parameter, so the shape and scale parameters determined in 
R will assume a low value of zero. 
In fitting each data set to the Weibull and Gamma distribution curves, a maximum 
likelihood estimation (MLE) was utilized.  The maximum likelihood principle states that 
the best estimate of a set a parameters from a set a data is obtained by maximizing the 
probability that each particular sample would have been obtained (Haas, Rose et al. 
1999).  This estimation is performed within R and provides the best fit possible, given a 
particular set of data.  MLE was not employed in determining the distribution parameters 
of the Lognormal curve, as the shape of the curve is based solely on the mean and 
standard deviation, both of which are fixed for a given data set.  The goodness of fit 
parameters for all three distributions were determined using a K-S test.  From this test, 
the distribution which returned the lowest K-S value provided the best fit.   
Individual risk estimates utilizing the distribution and goodness of fit data gained 
from the analyses conducted in R were then determined using Crystal Ball in the same 
manner as for the preliminary analysis.  Indicator organism concentration values were 
randomly drawn from the cdf for each site and substituted into the appropriate dose-
response model.  10,000 samples were drawn for each analysis, and a distribution of risk 
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estimates was developed that describes the range of illnesses per person that can be 
expected on a randomly chosen day for a recreational site based on the relative frequency 
of bacterial concentrations for the prevailing weather condition, as well as the types of 
activities being carried out in the waterbody.
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V. Results 
V.A Summary of Water Quality Data Collected During Sampling 
Each sample collected was analyzed for E. coli, enterococci, and fecal coliform, 
with numerical results returned with units of colony forming units (CFU) per 100mL.  
Whenever possible exact CFU counts were given, but when an exact count was not 
possible (unusually-high bacterial concentrations precluded distinguishing of colonies or 
no bacteria were cultured), values were given as either greater than or less than a value.   
A count value of greater than a number was considered to be a count of that value 
for purposes of analysis.  For instance, a count value of >6000 was analyzed as 6000 
CFU/100mL and a count value of >20,000 was analyzed as 20,000 CFU/100mL.  The 
reason for the disparity in maximum count values is related to the ability of EMSL to 
count the number of bacterial colonies on a given plate.  If all colonies on a plate could 
be counted, an exact count was recorded.  If a plate was overloaded and only one 
quadrant could be accurately counted, that result was multiplied by four and the result 
recorded as >(quartile count x 4).  
A count value of less than a number (<5, <20, etc.) was treated differently in the 
preliminary and final analyses.  In the preliminary analysis, if a count value of less than a 
number was returned, the concentration of bacteria was analyzed as 3 CFU/100mL.  In 
the final analysis, the bacteria concentration was considered to be half of the detection 
minimum.  For instance, a count value of <20 was analyzed as 10 CFU/100mL. 
In addition to water samples, pH, conductivity, and temperature data were 
collected at each site.  For the sites at which this data is not available from the USGS 
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website (http://waterdata.usgs.gov/nwis), the data was collected manually using a 
Combo tester from Hanna Instruments (HI 98130).  Based on discussions with Prof. R. 
Weggel, Drexel University, tidal effects were determined not likely to be a significant 
factor with respect to bacterial concentration in Waterbody 3 due to the close proximity 
of our sampling sites to the large dam. 
The data collected were divided into two sets, one for dry weather samples, and 
one for wet weather samples.  All dry weather samples were collected in the morning on 
days that were at least 72 hours removed from precipitation, regardless of whether or not 
that precipitation was considered a rain event.  This allowed us to be able to directly 
compare dry weather sampling results from different days and determine any 
relationships.  Wet weather data consisted of all samples collected in association with wet 
weather events, which included dry weather samples taken within the 24-hour period 
prior to the onset of wet weather.  Samples collected on the morning preceding a wet 
weather event were the only samples that were considered to be both wet and dry weather 
samples.  Wet weather samples were further broken down into discrete events, with only 
full events, rather than individual days, being compared against each other. 
For each of the wet weather events, the same trend is visible on the bacterial 
concentration curves for all three bodies of water.  For each event, the levels of E. coli, 
enterococci, and fecal coliform in each waterbody appeared to rise to their maximum 
levels shortly after the waterbody discharge reached its maximum level, and returned to 
baseline (pre-precipitation level) within 72 hours of the onset of precipitation.  Figure 1 
shows a typical receding curve of bacteria concentration after a storm.  In that figure, 
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concentration for the three indicator organisms are shown as colored symbols and stream 
discharge is shown as grey triangles. 
During wet weather events, for the sites sampled on Waterbody 1, the maximum 
bacterial concentration ranged from 6000 – 34040 CFU/100mL for all bacteria, for the 
site on Waterbody 2 the range was 6000 – 25540 CFU/100mL, and for the sites on 
Waterbody 3 River the range was 20 – 12160 CFU/100mL (Tables 2-4).  Data were not 
collected on the third day after a wet weather event due to budget considerations and the 
assumption that bacterial concentrations would have fallen to their baseline levels by that 
point.  Unfortunately more comprehensive data was not obtained due to laboratory and 
personnel limitations, which made the collection of more than one set of samples per day 
impossible.  
 
 
 
Table 2: Summary of Enterococcus spp. Sample Concentrations. 
 Dry Samples Wet Samples 
Sample Site 
Sample 
Size 
Mean 
Concentration 
(CFU/100mL) 
Geometric 
Mean 
(CFU/100mL) 
Range 
Sample 
Size 
Peak Range 
(CFU/100mL) 
Site 1 19 1376 546 
120 – 
8400 
3 
13980 – 
22500 
Site 2 18 128 12 
0 – 
1380 
3 220 – 1700 
Site 3 18 156 16 
0 – 
1200 
3 20 – 200 
Upstream of Site 4 20 1394 679 
140 – 
7140 
3 
10600 – 
29180 
Downstream of 
Site 4 
20 1983 816 
40 – 
8100 
3 8340 – 29800 
Upstream of Site 5 19 1220 321 
40 – 
8900 
3 
12760 – 
34040 
Downstream of 
Site 5 
19 1141 233 
20 – 
8840 
3 9920 – 27160 
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Table 3: Summary of Fecal Coliform Sample Concentrations. 
 Dry Samples Wet Samples 
Sample Site 
Sample 
Size 
Mean 
Concentration 
(CFU/100mL) 
Geometric 
Mean 
(CFU/100mL) 
Range 
Sample 
Size 
Peak Range 
(CFU/100mL) 
Site 1 19 1275 455 
60 – 
12000 
3 6000 – 25540 
Site 2 20 605 36 
0 – 
5720 
3 1200 – 12160 
Site 3 20 226 37 
0 – 
2420 
3 40 – 2900 
Upstream of Site 4 20 1574 1007 
360 – 
8000 
3 3880 – 19160 
Downstream of 
Site 4 
20 5093 2222 
680 – 
29400 
3 
20060 – 
TNTC 
Upstream of Site 5 20 1295 469 
100 – 
14000 
3 
20000 – 
TNTC 
Downstream of 
Site 5 
20 1573 312 
60 – 
14000 
3 
20000 – 
TNTC 
 
 
 
Table 4: Summary of E. coli Sample Concentrations. 
 Dry Samples Wet Samples 
Sample Site 
Sample 
Size 
Mean 
Concentration 
(CFU/100mL) 
Geometric 
Mean 
(CFU/100mL) 
Range 
Sample 
Size 
Peak Range* 
(CFU/100mL) 
Site 1 12 702 288 
100 – 
5500 
1 20060 
Site 2 12 49 11 0 – 160 1 1740 
Site 3 12 48 16 0 – 160 1 60 
Upstream of Site 4 12 508 474 
240 – 
1100 
1 20060 
Downstream of 
Site 4 
12 1155 859 
100 – 
3000 
1 16400 
Upstream of Site 5 12 239 208 
100 – 
520 
1 17020 
Downstream of 
Site 5 
12 60 41 0 – 100 1 16420 
*E. coli data was only available for one complete wet weather event 
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Figure 1: September 2007 rain event sample for Site 4. 
 
 
 
For the dry weather samples, the concentration levels for E. coli, enterococci, and 
fecal coliform were comparable across all samples at the sampling sites on Waterbody 1 
and Waterbody 2, with geometric mean values ranging from 200 – 860 CFU/100mL 
(except for the concentration of E. coli at the site downstream of Site 5, where the 
geometric mean was 41 CFU/100mL), while levels at both of the Waterbody 3 sampling 
sites were an order of magnitude lower, with geometric means ranging from 10 – 40 
CFU/100mL (Tables 4-6).  This difference is potentially due to the large volume of 
Waterbody 3 relative to Waterbody 1 and Waterbody 2, which would lead to increased 
dilution of any contaminants.  In addition to the overall mean concentrations of E. coli, 
enterococci, and fecal coliform, the relationships between bacteria concentration and 
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waterbody, bacteria concentration and date, and bacteria concentration and temperature 
were also examined. 
Figure 2 is a plot of log concentration vs. date of all bacteria at Site 4.  Within this 
plot there appeared to be a relationship among bacterial concentrations.  This apparent 
relationship was also seen at the other sampling sites on Waterbody 1 and Waterbody 2, 
but not at the sites on Waterbody 3.  In addition, as the summer progressed there was a 
perceptible decrease in the concentrations of all bacteria on Waterbody 1 and Waterbody 
2.  Figure 3 is a plot of log concentration vs. date of fecal coliform across multiple 
sampling sites, and shows a relationship between bacterial concentrations.  As with the 
plots of concentration vs. date, this relationship was observed on all the sites on 
Waterbody 1 and Waterbody 2, but not on Waterbody 3.  Similar to Figure 2, Figure 3 
also shows a perceptible decrease in fecal coliform concentration on Waterbody 1 and 
Waterbody 2 over the course of the summer.  This decrease was also seen with 
enterococci concentrations, but not for E. coli.  Over the course of the summer, E. coli 
concentrations were relatively stable across all sites on Waterbody 1 and Waterbody 2.  
Figure 4 is a plot of log concentration vs. temperature for fecal coliform, for which there 
appears to be no relationship.  This lack of a relationship is also apparent for enterococci 
and E. coli, and holds for every bacteria-site combination.   
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Figure 2: Dry weather bacterial counts for Site 4. 
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Figure 3: Dry weather fecal coliform samples for Waterbody 1 and Waterbody 2. 
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Figure 4: Temperature dependence of fecal coliform for Waterbody 1 and 
Waterbody 2. 
 
 
 
V.B Summary of Survey Results – Original and Revised Plans 
The results of surveys conducted on each of the individual study waters are 
presented in Table 5.  Weekend surveys were performed in addition to weekday surveys, 
as the survey team anticipated greater levels of recreational activity during the weekends.   
Weather statistics for the duration of the recreational season are presented in 
Table 6.  The summer of 2007 was relatively dry.  At the outset of the recreational 
season, wet weather events were agreed to be those anticipated to generate 0.25” of rain 
over the entire study area.  Sampling and surveying were to be conducted for frontal 
weather systems, and convective thunderstorms with wide spatial variations in volume 
and intensity of rainfall were to be avoided.  As the recreational season progressed, the 
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anticipated volume of rain that triggered a wet weather sampling and surveying event was 
reduced to 0.1” and convective thunderstorms were increasingly considered acceptable 
for wet weather sampling and surveying.  In total there were four storms that qualified as 
wet weather events during the 2007 recreational season.  Data were collected for two of 
those storms.  Data was not able to be collected on the other two because their timing 
precluded sample analysis (4th of July) or because inadequate staff were available (week 
of August 24th). 
 
 
Table 5:  Recreational Use Survey Summary for July-August 2007. 
Sampling Site Date Times Surveyed* # people observed 
Site 1 7/11/2007 1615 – 1630 0 
 7/12/2007 1630 – 1645 0 
 7/13/2007 1615 – 1630 0 
 7/14/2007 1500 – 1515 1 
 7/20/2007 1515 – 1525 0 
 7/22/2007 1430 – 1440 0 
 7/31/2007 1130 – 1525 0 
 8/2/2007 1120 – 1520 0 
 8/4/2007 1345 – 1720 0 
 8/6/2007 1120 – 1555 0 
 8/9/2007 1145 – 1555 0 
 8/13/2007 1005 – 1025 0 
Site 2 7/11/2007 1845 – 1855 0 
 7/12/2007 1655 – 1705 1 
 7/13/2007 1700 – 1715 0 
 7/14/2007 1600 – 1615 2 
 7/20/2007 1630 – 1640 4 
 7/21/2007 1500 – 1515 2 
 7/31/2007 1110 – 1550 3 
 8/2/2007 1100 – 1550 3 
 8/4/2007 1200 – 1700 11 
 8/5/2007 1200 – 1700 7 
 8/6/2007 1050 – 1610 11 
 8/9/2007 1120 - 1620 11 
 8/13/2007 1035 – 1045 0 
Site 3 7/11/2007 1900 – 1910 0 
 7/12/2007 1730 – 1740 3 
 7/13/2007 1740 – 1750 1 
 7/14/2007 1630 – 1645 11 
 7/20/2007 1645 – 1700 3 
 7/21/2007 1530 – 1545 10 
 7/31/2007 1130 – 1800 20 
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Table 5 (continued)    
 8/2/2007 1430 – 2000 12 
 8/3/2007 0630 – 1200 11 
 8/4/2007 0730 - 1830 16 
 8/5/2007 1440 - 1800 22 
 8/6/2007 1230 – 1530 7 
 8/10/2007 1600 – 1700 1 
 8/13/2007 1135 – 1150 0 
 8/17/2007 1800 – 1830 1 
 8/19/2007 1530 – 1630 0 
Site 4 7/11/2007 1735 – 1745 0 
 7/12/2007 1535 – 1545 5 
 7/13/2007 1555 – 1605 4 
 7/14/2007 1530 – 1545 4 
 7/31/2007 1115 – 1635 11 
 8/2/2007 1115 – 1600 24 
 8/3/2007 1130 – 1700 23 
 8/5/2007 1100 – 1700 11 
 8/11/2007 1400 – 1800 12 
 8/17/2007 1700 – 1730 5 
 8/19/2007 1400 – 1500 0 
Site 5 7/11/2007 1800 – 1810 0 
 7/12/2007 1550 – 1600 0 
 7/13/2007 1615 – 1625 0 
 8/6/2007 1130 – 1630 1 
 8/9/2007 1130 – 1530 0 
 8/12/2007 1400 – 1800 1 
*Times do not necessarily represent periods of continuous surveying.  They refer to the beginning and 
ending survey times for that day. 
 
 
 
Table 6:  Local Weather Data, July-August 2007
*
. 
 
Temperature 
(°F) 
Relative 
Humidity 
(%) 
1-hr 
Precipitation 
(in) 
1-day 
Precipitation 
(in) 
Mean 76.10 57.00 0.00 0.00 
Max 96.80 100.00 0.23 1.03 
Min 57.20 24.00 0.00 0.00 
Mode 73.40 88.00 0.00 0.00 
Std Deviation 7.86 20.02 0.02** 0.24 
     
Total Days 
with 
measurable 
precipitation 
Total Days 
Greater than 
0.10 in 
Total Multi-
Day Rain 
Events 
  
19 12 4   
* http://climate.met.psu.edu 
** Data for standard deviation inaccurate because readings were frequently more often than hourly during 
actual rain events  
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V.B.1 Survey Results: Waterbody 3 
V.B.1.1 Site 3 
Site 3 was surveyed for the full two week session of the revised survey plan. 
However, times were varied between sunrise and sunset in order to maximize the 
opportunity to observe activity at various times during the day.  In contrast to the other 
sites surveyed, the activity at this site appeared to be consistent at all hours of the day, as 
well as between weekdays and weekends.  Activities observed at Site 3 were: fishing, 
both from shore (0-5 fishermen at all times during daylight hours) and from the 
occasional boat (approximately 1 per 6 hours), and occasional boaters and jet skiers 
(approximately 2 per 6 hours).  There was no swimming observed, and the only water 
submersion observed was from jet skiing; otherwise the dominant mode of exposure was 
dermal via fishing.  
V.B.1.2 Site 2 
Site 1 and Site 2 were surveyed jointly on the same days with the surveyor driving 
between the sites at hourly intervals. This allowed for approximately 30 minutes of 
continuous recreational surveying at each site.  During surveying at Site 2, project staff 
surveyed from the two docks on the banks of Waterbody 3.  These docks were where 
fishing was most frequently observed, and they also afforded views of Waterbody 3 for 
observing boating activity.  Activities observed at Site 2 were: light fishing (0-2 people 
per 6 hours), a rare boat, and there was some evidence of water submersion, but as the 
people were wearing wet suits, official submerged work was suspected.  The levels of all 
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activities increased slightly on the weekends in comparison to weekdays.  There was no 
swimming observed at this site. 
V.B.2 Survey Results: Waterbody 1 
V.B.2.1 Site 4 
Site 4 and Site 5 were surveyed both for one full week and weekend on 
alternating days. This provided 2-3 weekdays and a full weekend for each site.  
Swimming was the sole activity observed at Site 4.  The site was frequently used, with 
approximately 10-15 recreators in the water during survey hours, and another 7-15 
potential swimmers in the surrounding area.  The swimmers were almost exclusively 
children (0-10 years) and youths (10-18 years).  There was also a slight increase in use 
observed on the weekends. 
V.B.2.2 Site 5 
The activities observed at Site 5 were wading and swimming.  There was very 
little activity at this site, and no boating or fishing was observed.  There was little 
variation between weekdays and weekends, and it is possible that a sewage odor 
emanating from the outfall at Site 5 helps to reduce recreational activity on the creek 
when detected. 
A VGA digital scouting camera manufactured by Wildview was mounted at Site 5 
towards the end of the summer in an attempt to document any recreational activity missed 
in our surveys. This camera was triggered by movement in its field of view. Of 165 
photos taken, only one shows an individual. This person appears to have spotted the 
camera and is suspected to have tampered with it; as all further photos taken were aimed 
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at the ground and suspected to be triggered by wind jostling the foliage in the camera’s 
field of view. 
V.B.3 Survey Results:  Waterbody 2 
V.B.3.1 Site 1 
It was determined that if no activity was observed at Site 1 after both a weekday 
and weekend survey we would focus exclusively on Site 2 and deem Site 1 to be of little 
recreational activity.  After said survey, no activity had been observed and so focus was 
concentrated on Site 2. 
Use of a scouting camera was also proposed at this site in order to detect any 
recreational use.  During deployment on Waterbody 2, the only activities that triggered 
the camera were the mounting and dismounting of the camera and, in one case, the 
shifting of the camera during a windy period.  The camera was mounted in view of the 
area of suspected recreation on four occasions and no recreational activity was captured 
on any occasion. 
V.C Preliminary Monte Carlo Analysis 
For sites on Waterbody 1 and Waterbody 2, a Weibull distribution was found to 
best describe the combined wet and dry weather data, while for sites on Waterbody 3, a 
lognormal distribution provided the best fit, although the pooled Waterbody 3 data 
(pooled distributions were utilized with recreational survey data) was outside the 5% 
confidence levels for all three distributions. Descriptions of the distributions fitted for 
each of the sampling sites, as well as distributional parameters and goodness of fit 
statistics are provided in Appendix E.  Due to the modeled distributions being plotted 
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against log-transformed values of bacterial concentration, values of 0 CFU/100mL are 
not able to be plotted.  Therefore, all lab analyses resulting in concentrations of either 
absent or less than a value (<1, <10, etc…) were initially adjusted to a value of 3 
CFU/100mL.  
The dose-response equation used to relate enterococci concentration to excess risk 
of GI illness is  
xy 10log4.9278.6 +−=   (1) 
where x is enterococci concentration in CFU/100mL and y is illness rate per 1000 
swimmers (Dufour 1984).  A graph showing this relation is presented in Figure 5.  Note 
that there is a threshold enterococci concentration (approximately 4.65 CFU/100 mL) 
below which no excess risk of GI illnesses above the background is computed.   
The E. coli dose-response relationship is plotted in Figure 6, and the equation 
relating E. coli concentration to excess illness risk is  
xy 10log397.974.11 +−=  (2) 
where x is E. coli concentration in CFU/100mL and y is illness rate per 1000 swimmers 
(Dufour 1984).  The threshold E. coli concentration below which no excess illnesses are 
computed is 17.76 CFU/100 mL.   
In many epidemiological studies, including the ones which supplied the dose-
response relationships utilized here, response is determined as a function of a fixed dose. 
The fixed dose is based on the generally accepted method of reporting indicator organism 
concentrations in units of CFU/100mL.  Alternatively, the use of a variable ingested dose 
rather than the fixed dose recognizes that not every person who swims or otherwise 
recreates on a waterbody exposes themselves to the same volume of water.  Swimmers 
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will ingest variable volumes, depending on both their age and the length of time spent in 
the water.  Non-swimmers, while not likely to ingest significant volumes of water, are 
still able to be exposed to organisms through contact with aerosols and/or splashing of 
water, depending on the activity in which they are engaged.  The methods for 
determining the ingested dose for both swimmers and non-swimmers are summarized in 
Appendix D. 
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Figure 5: Estimates for swimming-associated gastrointestinal illness rate from 
annual geometric mean density of enterococci per 100 mL at freshwater sampling 
sites. 
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Figure 6: Estimates for swimming associated gastrointestinal illness rate from 
annual geometric mean density of E. coli per 100 mL at freshwater sampling sites. 
 
 
 
Risk from enterococci and E. coli due to recreation at each of the sampling sites 
was determined as illnesses/person-day, which describes the excess risk to an individual 
on a given day due to recreational activity, and for which the only variable is dose.  This 
dose can be expressed in terms of either fixed dose or variable ingested dose, both of 
which are examined in this study.  For each site, organism concentration values were 
randomly drawn from the cdf that had been found to best describe the sample data for 
that site and substituted into the appropriate dose-response model.  When a fixed dose 
was used to determine risk, the concentration value drawn from the cdf was substituted 
directly into the dose-response model.  If a variable ingested dose was used to determine 
risk, the ingested dose (in mL) that was drawn from the distribution described in 
Appendix D was divided by 100 in order to normalize it with respect to the fixed dose 
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before it was substituted into the dose-response model.  As a result, if the drawn volume 
was less than 100mL the risk would presumably be less than that for the fixed dose, while 
if the drawn volume was greater than 100mL the risk would presumably be greater than 
that for the fixed dose. 
For sites where surveys were conducted, risk could also be determined as 
illnesses/day, where dose as well as number of recreators was used to determine the 
overall excess risk at a site on a given day due to recreational activity.  The overall risk 
value was calculated as the individual risk at a site multiplied by the number of recreators 
at that site, where the number of recreators was drawn from the discrete distribution 
which was developed from the site surveys.  The surveys conducted identified activity on 
Waterbody 3 (Figure 7) and Site 4 (Figure 8).  For the remaining sampling sites, there 
was either no activity observed, or no more than one recreator was observed on an 
individual day, so the total risk of illness was considered to be equal to the individual risk 
of illness.  
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Figure 7: Preliminary use frequency raw data for Waterbody 3 survey sites. 
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Figure 8: Preliminary use frequency raw data for Site 4. 
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All risk estimates were determined via Monte Carlo analysis as described above.  
When the individual risk estimates determined for enterococci and E. coli at individual 
sampling sites are compared, mean excess risk as estimated by enterococci is slightly 
higher for the Site 1 sampling site, while mean risk as estimated by E. coli is slightly 
higher for the Site 4 sampling site for both fixed dose and variable ingested dose, though 
neither difference is large as observed in Table 8 and Table 10.  The difference for 
samples drawn from Waterbody 3 is larger though, with mean individual risk due to 
enterococci being over 30% higher than that for E. coli based on fixed dose, and over 
100% higher based on variable ingested dose.  This disparity may be partially explained 
because the E. coli data used were provided by CDM, while the enterococci data was 
from samples collected by the Drexel team, though the lack of difference between the 
risk estimates at the other two sites where CDM data was utilized makes this unlikely.  
Another possible reason for the disparity may be the procedures by which the samples 
were collected.  Waterbody 1 and Waterbody 2 are both shallow with relatively low flow 
volumes, so samples were able to be collected from the middle of the creeks by both 
CDM and the Drexel team.  In contrast, Waterbody 3 is much deeper, necessitating the 
Drexel team to sample from its shores, while the sample data provided by CDM was 
likely collected from a boat in the center of the waterbody.   
In comparing the risk estimates determined with a fixed dose with those 
determined with a variable ingested dose, the type of recreational activity being engaged 
in is very important, as swimmers are likely to ingest a larger volume of water than non-
swimmers.  For the sites on Waterbody 1 ands Waterbody 2, all recreators were assumed 
to be swimmers who submerged their heads beneath the surface of the water at some 
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point.  This assumption was made based on survey evidence which indicated that the vast 
majority, if not all recreators on those bodies of water were swimmers, and lead to very 
conservative risk estimates when the variable ingested dose is applied.  For the sites on 
Waterbody 3, all recreators were assumed to be non-swimmers whose heads were never 
submerged.  Again, this assumption was made based on survey evidence which indicated 
that most recreators were either fishers or boaters, not swimmers.  This assumption will 
likely lead to a somewhat, but not excessively aggressive risk estimate when variable 
ingested dose is applied, based on the lack of observed swimmers.     
For the sampling sites on Waterbody 1 and Waterbody 2, where all recreators 
were assumed to be swimmers, there is only a small difference in mean individual excess 
risk between that determined with a fixed dose versus a variable ingested dose, with the 
mean risk determined with a fixed dose being slightly higher for both enterococci and E. 
coli (Tables 7-10).  This suggests that the average ingested dose for a swimmer, based on 
the distribution described in Appendix D, is slightly less than 100mL.  For the sampling 
sites on Waterbody 3, where all recreators were assumed to be non-swimmers, the mean 
individual risk when determined with a fixed dose was greater than 5x that determined 
with a variable ingested dose for both enterococci and E. coli.  This difference is likely 
due to the non-swimmer ingestion estimate of less than 1.5mL, as opposed to the 100mL 
fixed dose. 
When survey data is included and total illnesses per day, rather than illnesses per 
person, are determined for a site only Site 4 shows a large increase in mean excess risk 
(Tables 11-12).  This is expected, as Site 4 is the one which showed the most significant 
amount of recreational use during our surveys.  There was no recreational activity seen at 
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Site 1, so the overall risk for that site was considered to be the same as the individual risk, 
and at the sites on Waterbody 3, the combination of few recreators with a very low mean 
individual risk results in the total mean illnesses per day remaining low.  
Also, a summary of estimated probabilities of greater than one excess illness per 
day or per year occurring due to recreational activity at a site where surveying was 
conducted are shown in Table 13 and Table 14.  The probability of one excess illness per 
day was determined by observing the individual daily risk analyses completed in Crystal 
Ball for each site.  The probability of one excess illness per year was calculated by 
determining the probability of 0.01 illnesses per day.  This value was chosen because the 
recreational season was assumed to be 100 days long, and  
yeardays
yearillness
/100
/1
 = 0.01 illnesses/day.                                                                    (3) 
In addition to the data presented in Tables 7-14, the graphs that produced this data 
are presented in Appendix F.   
 
 
Table 7: Summary of preliminary individual risk of illness from Enterococcus spp. 
for all sampling sites based on variable ingested dose. 
Sampling Site Sample Size Mean Illnesses/person-day 95% CI 
Site 1 34 0.020 0.006 – 0.040 
Site 2 32 0.002 0.000 – 0.026 
Site 3 32 0.001 0.000 – 0.016 
Upstream of Site 4 36 0.021 0.007 – 0.037 
Downstream of Site 4 36 0.020 0.006 – 0.040 
Upstream of Site 5 34 0.019 0.003 – 0.039 
Downstream of Site 5 34 0.017 0.001 – 0.038 
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Table 8: Summary of preliminary individual risk of illness from Enterococcus spp. 
for all sampling sites based on fixed dose. 
Sample Site Sample Size Mean Illnesses/person-day 95% CI 
Site 1 34 0.022 0.013 – 0.039 
Site 2 32 0.010 0.000 – 0.042 
Site 3 32 0.008 0.000 – 0.036 
Upstream of Site 4 36 0.022 0.014 – 0.037 
Downstream of Site 4 36 0.023 0.009 – 0.036 
Upstream of Site 5 34 0.020 0.009 – 0.038 
Downstream of Site 5 34 0.018 0.006 – 0.038 
 
 
 
Table 9: Summary of preliminary individual risk of illness for E. coli for sampling 
sites on all waterbodies based on variable ingested dose. 
Sampling Site Sample Size Mean Illnesses/person-day
a
 95% CI 
Waterbody 2 33 0.020 0.001 – 0.038 
Waterbody 3 188 0.0003 0.000 – 0.005 
Waterbody 1 49 0.022 0.000 – 0.044 
a 
E. coli data provided by CDM 
 
 
 
Table 10: Summary of preliminary individual risk of illness for E. coli for sampling 
sites on all waterbodies based on fixed dose. 
Sample Site Sample Size Mean Illnesses/person-day
a
 95% CI 
Waterbody 2 33 0.021 0.005 – 0.038 
Waterbody 3 188 0.006 0.000 – 0.023 
Waterbody 1 49 0.024 0.003 – 0.044 
a 
E. coli data provided by CDM 
 
 
 
 
Table 11: Summary of preliminary overall risk of illness for sampling sites on all 
waterbodies based on variable ingested dose. 
 Enterococcus spp.a E. colib 
Sampling Site 
Sample 
Size 
Mean Total 
Illnesses/day 
95% CI 
Sample 
Size 
Mean Total 
Illnesses/day
c
 
95% CI 
Waterbody 2 34 0.020 0.006 – 0.040 33 0.020 0.001 – 0.038 
Waterbody 3 64 0.002 0.000 – 0.024 188 0.0004 0.000 – 0.002 
Waterbody 1 36 0.120 0.000 – 0.452 49 0.128 0.000 – 0.522 
a 
Enterococcus spp. data collected by Drexel University research group 
b 
E. coli data provided by CDM 
c Estimated total illness refers to the expected number of illnesses per day at each site 
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Table 12: Summary of preliminary overall risk of illness for sampling sites on all 
waterbodies based on fixed dose. 
 Enterococcus spp.a E. colib 
Sample Site 
Sample 
Size 
Mean Total 
Illnesses/day 
95% CI 
Sample 
Size 
Mean Total 
Illnesses/day
c
 
95% CI 
Waterbody 2 34 0.022 0.013 – 0.039 33 0.021 0.005 – 0.038 
Waterbody 3 64 0.010 0.000 – 0.074 188 0.008 0.000 – 0.050 
Waterbody 1 36 0.130 0.000 – 0.472 49 0.134 0.000 – 0.535 
a 
Enterococcus spp. data collected by Drexel University research group 
b 
E. coli data provided by CDM 
c Estimated total illness refers to the expected number of illnesses per day at each site 
 
 
 
Table 13: Summary of estimated probabilities of greater than one illness per day or 
per year for sampling sites on all waterbodies based on variable ingested dose. 
 Enterococcus spp.a E. colib 
Sampling Site 
Sample 
Size 
Probability 
of >1 
illness/day 
Probability 
of >1 
illness/year
c
 
Sample 
Size 
Probability 
of >1 
illness/day 
Probability 
of >1 
illness/year 
Waterbody 2d 34 0 0.932 33 0 0.849 
Waterbody 3 64 0 0.047 188 0 0.014 
Waterbody 1 36 0 0.777 49 0.001 0.755 
a 
Enterococcus spp. data collected by Drexel University research group 
b 
E. coli data provided by CDM 
c For recreational purposes, 1 year = 100 days 
d As no activity was observed on Waterbody 2, probabilities were obtained using a value of 1 swimmer per 
day 
 
 
 
Table 14: Summary of estimated probabilities of greater than one illness per day or 
per year for sampling sites on all waterbodies based on fixed dose. 
 Enterococcus spp.a E. colib 
Sample Site 
Sample 
Size 
Probability 
of >1 
illness/day 
Probability 
of >1 
illness/year
c
 
Sample 
Size 
Probability 
of >1 
illness/day 
Probability 
of >1 
illness/year 
Waterbody 2d 34 0 1 33 0 0.907 
Waterbody 3 64 0 0.245 188 0 0.235 
Waterbody 1 36 0 0.783 49 0.001 0.772 
a 
Enterococcus spp. data collected by Drexel University research group 
b 
E. coli data provided by CDM 
c For recreational purposes, 1 year = 100 days 
d As no activity was observed on Waterbody 2, probabilities were obtained using a value of 1 swimmer per 
day 
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V.D Refined Monte Carlo Analysis 
When the two sample K-S test was conducted to determine whether there was any 
statistical difference between the first and second samples collected during each sampling 
event, it was found that there was no significant difference (at α = 5%) between the sets 
of values collected for the first and second samples for any indicator organism at any site.  
The p-values for each of these tests, as well as the R code used to produce the p-values 
are provided in Appendix F.  
In addition, based on the goodness of fit parameters for all three distributions, the 
Lognormal distribution provided the best fit for the majority of the data sets, with the 
remainder split fairly evenly between the Weibull and Gamma distributions.  In the cases 
where the Lognormal distribution did not provide the best fit, it still provided a fit within 
the 5% significance level for the data set.  For these reasons, the Lognormal distribution 
was chosen as the best fit distribution for all data sets, for all indicator organisms, during 
both wet and dry weather events.  The results of the MLE estimations and the K-S tests 
for all data sets, as well as the R code used to produce them, are provided in Appendix G. 
One explanation for why the curve which provides the best fit for the data 
changed from Weibull in the preliminary analysis to Lognormal in the refined analysis 
lies in the separation of the wet and dry data sets.  The Weibull distribution best describes 
data sets containing extreme values, such as the combined wet and dry data sets used in 
the preliminary analysis.  In these data sets, the dry weather data had very low indicator 
concentration values, the wet weather data had very high values, and there were very few 
data points in between these two extremes.  When the data sets were separated, the values 
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that had been extreme in a combined data set were no longer extreme, and were better 
described by a different distribution, in this case the Lognormal distribution.    
As with the preliminary analysis, the dose-response relationships relating 
enterococci and E. coli concentrations to excess risk of GI illness are described in Figure 
5 and Figure 6.  For both of these organisms, excess risk was calculated for each 
sampling site during both wet and dry weather conditions, as well as for exposure to 
either a variable ingested dose or a fixed dose of 100mL.   
For each site, also as with the preliminary analysis, risk was determined as 
illnesses/person-day, which takes into account only dose and describes the risk to an 
individual on a given day due to recreational activity.  In addition, for the sites where 
recreational activity was observed risk was also determined as illnesses/day, which takes 
into account dose as well as number of recreators to determine the risk to a group on a 
given day due to recreational activity.  The three sites where recreational activity was 
identified by our surveys were: Site 2, Site 3, and downstream of Site 4.  The survey data 
utilized in this analysis is more detailed than that for the preliminary analysis, as the 
Waterbody 3 data from the preliminary analysis was separated according to the specific 
site where the data was recorded, and the Site 4 data was adjusted to reflect the fact that 
activity was only seen downstream of the site.  As in the preliminary analysis, for the 
remaining sampling sites the total risk of illness was considered to be equal to the 
individual risk of illness.   
When the results of the Monte Carlo analyses that were performed for the 
variables listed above were examined, relationships emerged from the different data sets.  
The most prominent relationship was that between wet and dry weather samples.  For 
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nearly every site-dose combination for both organisms, there was a greater mean 
individual excess risk of illness from recreation during wet weather than there was during 
dry weather (Tables 15-18).  The only exception was risk due to enterococci for a fixed 
dose at Site 3 (Table 16), where the mean risk was equal during wet and dry weather.  
The reason for this is unclear, though it should be noted that indicator organism 
concentrations at the Waterbody 3 sampling sites were generally lower than at the other 
sites.  Barring this exception, at each site the difference in mean risk between wet and dry 
weather conditions was at least 25%, and was often in excess of 40%. 
There was also a relationship observed for individual risk estimates between 
enterococci and E. coli for individual sampling sites.  At six of the seven individual 
testing sites, the mean risk due to E. coli was slightly higher than the risk due to 
enterococci during both wet and dry weather events (Tables 15-18).   The one site for 
which this relationship did not hold was downstream of Site 5 during dry weather, where 
the risk due to enterococci was slightly higher.  For both organisms, as detailed above, 
the mean risk was lower during dry weather than during wet weather, and was also lower 
at Waterbody 3 sampling sites than at sites on Waterbody 1 and Waterbody 2. 
Results of the Monte Carlo analyses were also used to look for differences in risk 
estimations when a variable ingested dose was used, as opposed to a fixed dose.  As in 
the preliminary analysis, for the sites on Waterbody 1 and Waterbody 2, all recreators 
were assumed to be swimmers who submerged their heads beneath the surface of the 
water at some point.  The resulting risk estimates for variable ingested dose, shown in 
Tables 15-18, were similar to the estimates based on a fixed dose, with the difference in 
mean risk between the different ingestion estimates being roughly equal to the difference 
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between enterococci and E. coli for an individual site.  When a sensitivity analysis was 
performed in Crystal Ball on the analyzed wet weather enterococci data from the sample 
site downstream of Site 4, it was found that over 65% of the uncertainty in mean illnesses 
per person-day was due to variations in the concentration of bacteria in the water, with 
the remainder of the uncertainty being due to variations in the volume of water consumed 
by recreators, as seen in Figure 9. 
 
 
 
 
Figure 9: Sensitivity analysis for wet weather individual risk estimates due to 
enterococci downstream of Site 4. 
 
 
 
For the sites on Waterbody 3, also as in the preliminary analysis, all recreators 
were assumed to be non-swimmers whose heads were never submerged.  The resulting 
risk estimates, shown in Tables 15-18, were in fact significantly lower than the estimates 
based on a fixed dose.  For both sites on Waterbody 3 sites in dry weather the mean 
excess risk was determined to be zero, and in wet weather the mean risk at Site 3 was 
zero, while at Site 2 there was a small amount of risk, but it was only 10% of the value 
determined for the fixed dose.  This difference is due to the low ingestion estimates (most 
times less than 5mL) estimated for the variable dose for non-swimmers as opposed to the 
100mL fixed dose.  The risk estimates determined using these low ingestion estimates 
were considered more reliable than those determined using the 100mL fixed dose because 
Enterococci 
concentration 
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of the relatively small amount of water that was assumed to be ingested by non-
swimmers when compared with the fixed dose.  When a sensitivity analysis was 
performed on the analyzed wet weather enterococci data from Site 3, the results were 
similar to those downstream of site 4, with over 65% of the uncertainty in mean illnesses 
per person-day being due to variations in the concentration of bacteria in the water, as 
seen in Figure 10. 
 
 
 
 
Figure 10: Sensitivity analysis for wet weather individual risk estimates due to 
enterococci at Site 3. 
 
 
 
When survey data is added and total excess illnesses per day, rather than illnesses 
per person, are considered for a site (Tables 19-22) the patterns in magnitude of risk are 
the same as those described above for individual risk.  This is not surprising, as in these 
calculations only the number of people recreating is changed.  The indicator organism 
concentration distributions used for these estimates are the same as for the individual risk 
estimates.  Sensitivity analyses taking into account survey data in addition to ingestion 
volume and bacterial concentration estimates were also performed for analyzed wet 
weather enterococci data from downstream of Site 4 (Figure 11) and Site 3 (Figure 12).  
For this analysis at Site 4, over 90% of the uncertainty in the mean total illnesses per day 
was due to variations in recreational use, while at the Site 3, less than 2% of the 
Enterococci 
concentration 
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uncertainty was due to variations in recreational use, with greater than 60% being due to 
variations in bacterial concentration and the remainder being due to variations in 
ingestion volume.  A possible reason for this difference between the two sites is the 
relatively small volume of water ingested by non-swimmers.  This results in risk 
estimates being much more sensitive to small changes in bacterial concentration and 
ingested volume for Site 3 than at Site 4. 
 
 
 
 
Figure 11: Sensitivity analysis for wet weather overall risk estimates due to 
enterococci downstream of Site 4. 
 
 
 
 
Figure 12: Sensitivity analysis for wet weather overall risk estimates due to 
enterococci at Site 3. 
 
 
 
In creating the use frequency distributions for the three sites where activity was 
identified, each day when surveying was conducted was considered a single data point.  
From a particular day, when possible the total number of people observed recreating was 
Enterococci 
concentration 
Enterococci 
concentration 
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counted.  If a complete count was not possible, the maximum number of recreators 
observed at a given time was considered to be the total number for that day.  This resulted 
in the discrete distributions shown in Figures 13-15 being used to describe the survey 
data for each site.   
For estimations of mean total excess risk, the same survey data was used for both 
wet and dry weather conditions due to a lack of wet weather survey data, which will 
likely produce a very conservative estimate of mean illness during wet weather.  Due to 
this lack of wet weather survey data, the other option at this point was to assume that 
there are no recreators during wet weather, which would result in a very aggressive 
estimate of zero risk during wet weather.  The reality is likely somewhere in between.  
The lack of survey data also leads to gaps in our frequency distributions, as seen in 
Figures 13-15.  As survey data was collected at times of both high and low use, it is 
unlikely that the gaps in the middle would affect the mean risk estimates.  The results of 
the Monte Carlo analyses used to produce Tables 15-22 are presented in Appendix I. 
 
 
 
Table 15: Summary of refined individual risk of illness from Enterococcus spp. for 
all sampling sites based on variable ingested dose. 
 Wet Weather Dry Weather 
Sample Site 
Sample 
Size 
Mean 
Illnesses/ 
person-
day 
95% CI 
Sample 
Size 
Mean 
Illnesses/ 
person-
day 
95% CI 
Site 1 10 0.022 0.006 – 0.039 19 0.013 0.000 – 0.026 
Site 2 10 0.001 0.000 – 0.008 18 0.000 0.000 – 0.000 
Site 3 10 0.000 0.000 – 0.000 18 0.000 0.000 – 0.000 
Upstream of Site 4 10 0.023 0.010 – 0.035 20 0.014 0.001 – 0.025 
Downstream of Site 4 10 0.023 0.009 – 0.035 20 0.014 0.000 – 0.029 
Upstream of Site 5 10 0.021 0.004 – 0.041 19 0.011 0.000 – 0.026 
Downstream of Site 5 10 0.019 0.000 – 0.045 19 0.010 0.000 – 0.026 
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Table 16: Summary of refined individual risk of illness from Enterococcus spp. for 
all sampling sites based on fixed dose. 
 Wet Weather Dry Weather 
Sample Site 
Sample 
Size 
Mean 
Illnesses/ 
person-
day 
95% CI 
Sample 
Size 
Mean 
Illnesses/ 
person-
day 
95% CI 
Site 1 10 0.023 0.011 – 0.039 19 0.014 0.005 – 0.026 
Site 2 10 0.010 0.000 – 0.027 18 0.003 0.000 – 0.018 
Site 3 10 0.004 0.000 – 0.015 18 0.004 0.000 – 0.020 
Upstream of Site 4 10 0.024 0.016 – 0.035 20 0.015 0.007 – 0.025 
Downstream of Site 4 10 0.024 0.015 – 0.035 20 0.016 0.006 – 0.029 
Upstream of Site 5 10 0.022 0.009 – 0.041 19 0.012 0.002 – 0.026 
Downstream of Site 5 10 0.020 0.004 – 0.045 19 0.011 0.000 – 0.026 
 
 
 
Table 17: Summary of refined individual risk of illness from E. coli for all sampling 
sites based on variable ingested dose. 
 Wet Weather Dry Weather 
Sample Site 
Sample 
Size 
Mean 
Illnesses/ 
person-
day 
95% CI 
Sample 
Size 
Mean 
Illnesses/ 
person-
day 
95% CI 
Site 1 6 0.026 0.013 – 0.039 12 0.016 0.003 – 0.027 
Site 2 6 0.002 0.000 – 0.011 12 0.000 0.000 – 0.000 
Site 3 6 0.000 0.000 – 0.005 12 0.000 0.000 – 0.000 
Upstream of Site 4 6 0.026 0.013 – 0.038 12 0.018 0.007 – 0.023 
Downstream of Site 4 6 0.027 0.014 – 0.038 12 0.020 0.008 – 0.030 
Upstream of Site 5 6 0.024 0.011 – 0.038 12 0.014 0.003 – 0.021 
Downstream of Site 5 6 0.023 0.008 – 0.040 12 0.009 0.000 – 0.017 
 
 
 
 
Table 18: Summary of refined individual risk of illness from E. coli for all sampling 
sites based on fixed dose. 
 Wet Weather Dry Weather 
Sample Site 
Sample 
Size 
Mean 
Illnesses/ 
person-
day 
95% CI 
Sample 
Size 
Mean 
Illnesses/ 
person-
day 
95% CI 
Site 1 6 0.027 0.018 – 0.039 12 0.017 0.009 – 0.027 
Site 2 6 0.021 0.016 – 0.027 12 0.008 0.001 – 0.019 
Site 3 6 0.014 0.007 – 0.023 12 0.008 0.002 – 0.017 
Upstream of Site 4 6 0.027 0.019 – 0.038 12 0.019 0.016 – 0.022 
Downstream of Site 4 6 0.028 0.021 – 0.037 12 0.021 0.015 – 0.029 
Upstream of Site 5 6 0.026 0.016 – 0.039 12 0.016 0.012 – 0.020 
Downstream of Site 5 6 0.025 0.013 – 0.041 12 0.010 0.004 – 0.017 
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Table 19: Summary of refined overall risk of illness from Enterococcus spp. for all 
sampling sites based on variable ingested dose. 
 Wet Weather Dry Weather 
Sample Site 
Sample 
Size 
Mean 
Total 
Illnesses/
day 
95% CI 
Sample 
Size 
Mean 
Total 
Illnesses/
day 
95% CI 
Site 2 10 0.002 0.000 – 0.026 18 0.000 0.000 – 0.000 
Site 3 10 0.000 0.000 – 0.000 18 0.001 0.000 – 0.000 
Downstream of Site 4 10 0.205 0.000 – 0.696 20 0.125 0.000 – 0.524 
 
 
 
Table 20: Summary of refined overall risk of illness from Enterococcus spp. for all 
sampling sites based on fixed dose. 
 Wet Weather Dry Weather 
Sample Site 
Sample 
Size 
Mean 
Total 
Illnesses/
day 
95% CI 
Sample 
Size 
Mean 
Total 
Illnesses/
day 
95% CI 
Site 2 10 0.044 0.000 – 0.213 18 0.014 0.000 – 0.113 
Site 3 10 0.028 0.000 – 0.178 18 0.031 0.000 – 0.222 
Downstream of Site 4 10 0.216 0.000 – 0.699 20 0.139 0.000 – 0.508 
 
 
 
Table 21: Summary of refined overall risk of illness from E. coli for all sampling 
sites based on variable ingested dose. 
 Wet Weather Dry Weather 
Sample Site 
Sample 
Size 
Mean 
Total 
Illnesses/
day 
95% CI 
Sample 
Size 
Mean 
Total 
Illnesses/
day 
95% CI 
Site 2 6 0.009 0.000 – 0.079 12 0.000 0.000 – 0.000 
Site 3 6 0.003 0.000 – 0.033 12 0.000 0.000 – 0.000 
Downstream of Site 4 6 0.243 0.000 – 0.775 12 0.181 0.000 – 0.603 
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Table 22: Summary of refined overall risk of illness from E. coli for all sampling 
sites based on fixed dose. 
 Wet Weather Dry Weather 
Sample Site 
Sample 
Size 
Mean 
Total 
Illnesses/
day 
95% CI 
Sample 
Size 
Mean 
Total 
Illnesses/
day 
95% CI 
Site 2 6 0.090 0.000 – 0.272 12 0.032 0.000 – 0.150 
Site 3 6 0.100 0.000 – 0.365 12 0.058 0.000 – 0.246 
Downstream of Site 4 6 0.255 0.000 – 0.774 12 0.192 0.000 – 0.597 
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Figure 13: Refined use frequency raw data for Site 2. 
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Figure 14: Refined use frequency raw data for Site 3. 
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Figure 15: Refined use frequency raw data for downstream of Site 4.
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VI. Conclusions 
   When determining the effect of CSO discharge on water quality and the 
associated risk from water recreation, multiple sites on a waterbody, both upstream and 
downstream of the CSO, must be examined.  These sites must also be examined under 
various weather conditions to determine what, if any, difference in risk there is from the 
water upstream as compared to the water downstream.  In theory, if a CSO discharge is 
responsible for an increase in indicator bacteria concentration in a body of water and 
therefore risk of illness due to contact with that water, it is expected that there would be a 
larger difference in risk due to contact with water upstream when compared with water 
downstream of the CSO when it is discharging (wet weather) than when it is not 
discharging (dry weather).   
As an increase in risk was not seen, CSO discharge doesn’t appear to influence 
water quality and the associated risk from water recreation.  At both sites on Waterbody 1 
where samples were taken both upstream and downstream of CSOs, there was no change 
in the difference in risk due to contact with water upstream when compared with water 
downstream of the CSO during wet weather as compared to dry weather (Table 16, Table 
18).  Alternatively, there is the possibility that CSOs upstream of those that were sampled 
did contribute to an increase the concentration of organisms in the waterbody, and that 
this increase negated the effect of any discharge from the CSOs investigated in this study.  
In addition, due to personnel limitations as well as limitations with lab capacity, many 
times samples were not able to be collected at the beginning of a wet weather event.  This 
may have resulted in a failure to observe the effect from a CSO discharge, and is an issue 
that should be addressed in the future.  
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On Waterbody 3, there appeared to be some change in the difference in risk 
between the Site 3 and Site 2, but that change was almost eliminated when the estimated 
ingested dose of recreators was taken into account.  This result should be viewed with 
caution though, due to the lack of a difference in mean individual risk between wet and 
dry weather conditions at Site 3, and also because samples on Waterbody 3 were 
collected from the shores of the river rather than the center due to its unwadeable depth. 
The minimal effect of CSO discharge on indicator organism concentration, as 
shown by the lack of change in difference between samples taken upstream and 
downstream of CSOs, indicates that any organisms present in the waters that were 
sampled were likely carried from upstream locations.  This also indicates that any 
remedial strategies that focus exclusively on CSOs, such as outflow holding tanks or flow 
minimization will likely fail to significantly reduce indicator organism concentration 
levels.   
In addition, when variable ingested doses rather than fixed doses were used to 
calculate total illnesses per day, risk was minimal at the sampling sites on Waterbody 3 
during dry weather conditions and the mean risk was less than 1 illness/100 days during 
wet weather conditions (Table 19, Table 21).  Downstream of Site 4, the mean risk during 
dry weather conditions was in the range of 0.125 – 0.192 illnesses per day and the mean 
risk during wet weather conditions was in the range of 0.205 – 0.255 illnesses per day 
(Table 19, Table 21).  At this site there were frequently in excess of 10 people observed 
swimming on a given day, and as a result the total risk is as much a function of 
population as it is of indicator organism concentration.  This lack of illnesses expected 
due to the presence of pathogenic organisms in one of the sampled waterbodies also 
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raises the possibility of another remedial strategy, which is to do nothing.  If the 
organisms causing the risk of illness are being introduced upstream, and the risk of illness 
itself is low, not taking any action may be the most cost effective option, as well as being 
equally as effective as any other remedial strategy.  
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VII. Engineering Significance 
Monte Carlo statistical analyses can be an effective method for estimating risk 
when utilized in conjunction with a distribution of the quantity of a hazard present as well 
as a formula relating that quantity to a level of risk.  Monte Carlo analyses can also be 
used in situations where there are multiple variables that contribute to an estimation of 
risk.  In these situations, values from the distributions of each of the contributing 
variables are randomly drawn and applied to the risk determination.  The advantage of 
this method is that each test, consisting of thousands of iterations, can be completed very 
quickly.  The result of each test is a distribution which should accurately reflect the 
frequency of a particular outcome, which in the case of this study was a risk of illness due 
to recreational activity on a waterbody.  From the distribution of results, the mean 
expected risk can be determined, as well as high and low estimates.   
Though the EPA has recommended moving to E. coli and enterococci, at this 
point in time the quality of waterbodies around the United States is determined by testing 
for fecal coliforms.  When the concentration of coliforms exceeds a certain level, the 
body of water is considered to be in violation of human health standards and is closed to 
recreation.  Unfortunately, it takes 24 hours to process a water sample and determine 
coliform concentration, so by the time a body of water is determined to have exceeded 
the maximum allowable level, a full day has already passed.  Also, no significant 
association has been seen between fecal coliform density and risk in either marine or 
fresh waters. 
Another option would be to use Monte Carlo analysis to determine both 
individual and overall risk, based on distributions of both concentrations of organisms 
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such as enterococci and E. coli, which have been shown to correlate well with health 
outcomes, and the number of recreators expected on a specific body of water.  In order to 
build these distributions significant water quality testing and site surveying would be 
necessary, so that distributions could be created for various weather conditions.  Once the 
distributions had been created, it would be possible to determine the risk of recreational 
activity on a body of water based solely on the weather conditions of the past 72 hours.  
This would lead to more educated decisions regarding whether to close a waterbody to 
recreation, and would eliminate the 24 hour delay that is currently necessary. 
The methods utilized in this study could also be used as a template for the site 
specific determination of the potential impact of CSO discharge on human health at other 
locations.  By taking samples from points both upstream and downstream of CSOs during 
various weather conditions, the effects of CSO discharge could be quantified.  This data 
could be used to determine the urgency of remedial actions on CSOs on a case by case 
basis and may also be useful in determining the most serious sources of discharge.
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Appendix A. Results of Expert Interviews 
 
 
 
Expert surveys were conducted with J.P., a law enforcement officer, R.R., a 
college professor, H.H., a member of a local beautification committee, D.G. and T.G., 
who run a park restoration association, K.L., the coordinator for a joint venture between 
the local water department and a state commission, and K.La., who works with local 
parks.   
J.P. was able to provide a wealth of information about Waterbody 3, and some 
about Waterbody 1 and Waterbody 2.  On Waterbody 3, the vast majority of the 
recreational activity is made up of fishing and boating.  South of Site 3, there is regular 
boating, kayaking/canoeing, and jet skiing.  The boats coming up the river may be as 
large as 60 feet, and in addition there is some commercial boating (barges, tugs) on that 
part of the river.  North of Site 3 is fairly heavily used by skullers.  Some heavily used 
fishing spots identified by J.P. were the South side of Site 3, and a trail along Waterbody 
3 north of Site 3.   
There are also two triathlons in Waterbody 3 every summer, which could 
constitute high risk events for the participants.  J.P. also informed us that every time there 
is a significant rain event (0.25 inch or greater) there is a consistent discharge of 
floatables (bottles, cans, etc.) from an outfall on the east side of the river.  He also 
suspected that there may be dead zones on the river.  For more information on possible 
recreation sites, J.P. suggested that we might ask at a local bait and tackle shop.    
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On Waterbody 1, the only likely recreational use site identified by J.P. was a 
swimming hole around Site 4.  No sites on Waterbody 2 were identified.  It was 
suggested, though, that we contact the local environmental education center or park 
commission for possible recreational use sites. 
R.R. didn’t have much direct experience with Waterbody 2, but had conducted a 
detailed hydraulics study of Waterbody 4, a tributary of Waterbody 2 lying partially 
within the city borders.  In R.R.’s experience, the only regular exposure of people to 
waters from Waterbody 4 was via pets wading.  A park through which Waterbody 4 and 
the upper portion of Waterbody 2 run is a relatively little-used portion of the local park 
system, though as the park is rehabilitated R.R. speculated that its use may increase.  He 
was also able to provide us with names of people who may be able to help us identify 
sites on Waterbody 2.  The names we were given were those of H.H., who is with a local 
beautification committee, and D.G and T.G., who run a park restoration association.   
H.H. also did not have much experience with Waterbody 2, but referred us to 
K.L., the coordinator for a joint venture between the local water department and a state 
commission, and K.La., who works with local parks, neither of whom knew of any 
activity on Waterbody 2.  D.G. also did not know of any activity on Waterbody 2.
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Appendix B. Summer 2007 Bacterial Sampling Data2 
 
 
 
Table B1: Bacterial Concentrations From Samples Collected During Summer 2007 
   
Enterococcus 
spp. 
concentration 
(CFU/100mL) 
Fecal Coliform 
concentration 
(CFU/100mL) 
E. coli 
concentration 
(CFU/100mL) 
Date Sample Site Weather  
Sample 
1  
Sample 
2  
Sample 
1  
Sample 
2  
Sample 
1  
Sample 
2  
6/29/2007 Site 1 Dry 7400 8400 TNTC 12000   
 Site 2 Dry 260 1380 5720 5200   
 Site 3 Dry 320 1200 520 2420   
 Upstream of Site 4 Dry 7140 6960 5400 6800   
 
Downstream of 
Site 4 
Dry 8100 7640 5140 2520   
 Upstream of Site 5 Dry 8760 8900 4000 14000   
 
Downstream of 
Site 5 
Dry 8840 8780 12000 12000   
7/2/2007 Site 1 Dry 1400 700 100 200   
 Site 2 Dry 200 100 
<1 
(<100) 
<1 
(<100) 
  
 Site 3 Dry 200 400 
<1 
(<100) 
100   
 Upstream of Site 4 Dry 1100 800 600 600   
 
Downstream of 
Site 4 
Dry 2000 2800 2800 5100   
 Upstream of Site 5 Dry 100 100 500 600   
 
Downstream of 
Site 5 
Dry 300 100 700 500   
7/11/2007 Site 1 Dry 760 1240 900 1240   
 Site 2 Dry 20 20 60 80   
 Site 3 Dry 40 20 140 80   
 Upstream of Site 4 Dry 580 540 1220 1220   
 
Downstream of 
Site 4 
Dry 460 440 1020 1580   
 Upstream of Site 5 Dry 580 200 1200 1080   
 
Downstream of 
Site 5 
Dry 240 500 1000 760   
 
 
 
 
        
                                                 
 
2 Concentrations in parentheses have been adjusted to account for the dilution volume (usually either 1mL 
or 5mL) used by EMSL.  The original concentrations were utilized for the preliminary analysis, while the 
adjusted concentrations were utilized for the final analysis. 
 
 68 
Table B1 (continued)        
7/12/2007 Site 1 Wet 19200 15520 >20000 >20000   
 Site 2 Wet 1520 1700 11440 12160   
 Site 3 Wet 80 140 2300 2900   
 Upstream of Site 4 Wet 11140 10600 13080 19160   
 
Downstream of 
Site 4 
Wet 10060 8340 13800 16440   
 Upstream of Site 5 Wet 14000 14040 >20000 >20000   
 
Downstream of 
Site 5 
Wet 11960 9920 >20000 >20000   
7/13/2007 Site 1 Wet 760 680 2540 2320 1360 1320 
 Site 2 Wet 100 100 1180 1060 1220 1060 
 Site 3 Wet 40 60 560 460 380 600 
 Upstream of Site 4 Wet 1380 1680 1880 1740 1400 1720 
 
Downstream of 
Site 4 
Wet 1140 1300 2220 1860 1700 1580 
 Upstream of Site 5 Wet 360 360 1120 1500 540 860 
 
Downstream of 
Site 5 
Wet 160 160 640 860 420 460 
7/23/07 Site 1 Dry 400 420 280 780 120 120 
 Site 2 Dry 20 <10 40 <20 20 <20 
 Site 3 Dry 40 200 <20 <20 40 30 
 Upstream of Site 4 Dry 1500 1540 1760 1680 400 540 
 
Downstream of 
Site 4 
 
Dry 
 
>6000 
 
>6000 
 
29400 
 
26460 
 
2600 
 
3000 
 Upstream of Site 5 Dry 960 1000 680 300 160 190 
 
Downstream of 
Site 5 
Dry 740 780 200 660 40 60 
8/13/07 Site 1 Dry 180 420 140 260 160 260 
 Site 2 Dry 
<1 
(<20) 
<1 
(<20) 
200 320 160 120 
 Site 3 Dry 20 
<1 
(<20) 
20 40 40 40 
 Upstream of Site 4 Dry 2480 2360 660 480 380 480 
 
Downstream of 
Site 4 
Dry 1100 960 1400 1100 860 1200 
 Upstream of Site 5 Dry 440 360 440 320 520 300 
 
Downstream of 
Site 5 
Dry 280 320 160 100 100 80 
8/16/07 Site 1 Dry 120 180 240 60   
 Site 2 Dry 240 
<1 
(<20) 
100 60   
 Site 3 Dry 
<1 
(<20) 
40 60 80   
 Upstream of Site 4 Dry 380 420 1860 1600   
 
Downstream of 
Site 4 
Dry 760 620 780 800   
 Upstream of Site 5 Dry 220 140 380 320   
 
Downstream of 
Site 5 
Dry 120 160 160 240   
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Table B1 (continued)        
8/20/07 Site 1 Wet 21280 22500 >6000 >6000   
 Site 2 Wet 780 1340 4460 3580   
 Site 3 Wet 140 200 1620 1640   
 Upstream of Site 4 Wet 27360 29180 3880 >6000   
 
Downstream of 
Site 4 
 
Wet 
 
26140 
 
29800 
 
>6000 
 
>6000 
  
 Upstream of Site 5 Wet 34040 30400 >6000 >6000   
 
Downstream of 
Site 5 
Wet 27960 27360 >6000 >6000   
8/30/07 Site 1 Dry 260 180 460 540 400 500 
 Site 2 Dry 20 20 60 80 100 100 
 Site 3 Dry 20 
<1 
(<20) 
60 40 160 80 
 Upstream of Site 4 Dry 280 260 840 940 740 1100 
 
Downstream of 
Site 4 
Dry 340 260 980 880 1120 1220 
 Upstream of Site 5 Dry 200 160 220 400 260 480 
 
Downstream of 
Site 5 
Dry 40 80 140 220 100 100 
9/5/07 Site 1 Dry 300 180 480 280 560 260 
 Site 2 Dry 
<1 
(<20) 
<1 
(<20) 
<1 
(<20) 
20 
<1 
(<20) 
<1 
(<20) 
 Site 3 Dry 
<1 
(<20) 
<1 
(<20) 
60 20 80 
<1 
(<20) 
 Upstream of Site 4 Dry 140 220 360 440 240 400 
 
Downstream of 
Site 4 
Dry 220 280 680 1180 420 420 
 Upstream of Site 5 Dry 80 140 220 200 100 240 
 
Downstream of 
Site 5 
Dry 40 20 200 60 20 20 
9/10/07 Site 1 Dry  140 380 240 340 100 
 Site 2 Dry   40 
<1 
(<20) 
<1 
(<20) 
60 
 Site 3 Dry   40 
<1 
(<20) 
<1 
(<20) 
<1 
(<20) 
 Upstream of Site 4 Dry 300 180 900 620 480 520 
 
Downstream of 
Site 4 
Dry 40 240 3340 3320 1360 780 
 Upstream of Site 5 Dry 100  100 260 120 240 
 
Downstream of 
Site 5 
 
Dry 
 
140 
 
 
120 
 
100 
 
80 
 
40 
9/12/07 Site 1 Wet 18240 13980 21880 25540 20060 20060 
 Site 2 Wet 220 100 1200 1280 1480 1740 
 Site 3 Wet 20 
<1 
(<20) 
180 40 60 60 
 Upstream of Site 4 Wet 15200 13380 16400 18240 20060 14580 
 
Downstream of 
Site 4 
Wet 15200 14600 17020 20060 15200 16400 
 Upstream of Site 5 Wet 12760 13980 18840 15800 17020 13380 
 
Downstream of 
Site 5 
Wet 12160 13380 18240 13980 16420 16420 
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Table B1 (continued)        
9/13/07 Site 1 Wet 440 540 3100 2280 2220 2220 
 Site 2 Wet 
<1 
(<20) 
40 500 560 480 320 
 Site 3 Wet 
<1 
(<20) 
<1 
(<20) 
140 100 80 100 
 Upstream of Site 4 Wet 1640 2420 1760 2020 1740 2140 
 
Downstream of 
Site 4 
Wet 2280 2780 3040 2580 4360 3840 
 Upstream of Site 5 Wet 340 500 2400 2040 1440 1640 
 
Downstream of 
Site 5 
Wet 80 60 1460 1340 880 800 
10/2/2007 Site 1 Dry 660 2800 220 5220 100 5500 
 Site 2 Dry 
<1 
(<20) 
<1 
(<20) 
<1 
(<20) 
<1 
(<20) 
20 
<1 
(<20) 
 Site 3 Dry 
<1 
(<20) 
<1 
(<20) 
40 
<1 
(<20) 
<1 
(<20)  
100 
 Upstream of Site 4 Dry 300 400 460 440 440 380 
 
Downstream of 
Site 4 
Dry 460 540 940 960 780 100 
 Upstream of Site 5 Dry 100 40 160 200 160 100 
 
Downstream of 
Site 5 
Dry 120 80 60 80 
<1 
(<20) 
80 
 
 
 
 
 
 71 
Appendix C. CDM E. coli Bacterial Sampling Data 
 
 
 
Table C1: CDM E. coli Sample Data for Waterbody 2 
Date Site 
E. coli 
concentration 
(CFU/100mL) 
Date Site 
E. coli 
concentration 
(CFU/100mL) 
5/18/1999 CDM1 400 6/6/2000 CDM1 34000 
5/25/1999 CDM1 3000 6/6/2000 CDM1 31000 
6/2/1999 CDM1 300 6/7/2000 CDM1 8600 
6/8/1999 CDM1 400 6/7/2000 CDM1 3500 
6/15/1999 CDM1 25000 6/8/2000 CDM1 1800 
6/22/1999 CDM1 2000 6/12/2000 CDM1 270 
6/29/1999 CDM1 700 7/26/2000 CDM1 9100 
7/13/1999 CDM1 100 7/26/2000 CDM1 20000 
7/20/1999 CDM1 200000 7/26/2000 CDM1 1800 
5/23/2000 CDM1 490 7/26/2000 CDM1 26000 
5/24/2000 CDM1 2100 7/26/2000 CDM1 37000 
5/25/2000 CDM1 7600 7/26/2000 CDM1 21000 
5/25/2000 CDM1 100 7/27/2000 CDM1 5000 
5/26/2000 CDM1 480 7/27/2000 CDM1 18000 
6/1/2000 CDM1 60 7/27/2000 CDM1 8000 
6/6/2000 CDM1 5700 7/28/2000 CDM1 1500 
6/6/2000 CDM1 77000    
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Table C2: CDM E. coli Sample Data for Waterbody 1 
Date Site 
E. coli 
concentration 
(CFU/100mL) 
Date Site 
E. coli 
concentration 
(CFU/100mL) 
6/29/2000 CDM2 69000 5/6/2003 CDM2 170000 
7/6/2000 CDM2 400 5/6/2003 CDM2 67000 
7/20/2000 CDM2 22000 5/6/2003 CDM2 30000 
8/10/2000 CDM2 3200 5/6/2003 CDM2 16000 
9/14/2000 CDM2 400 5/6/2003 CDM2 5000 
9/28/2000 CDM2 2400 5/6/2003 CDM2 3600 
10/12/2000 CDM2 220 5/6/2003 CDM2 36000 
10/26/2000 CDM2 100 5/7/2003 CDM2 4100 
11/9/2000 CDM2 30 5/7/2003 CDM2 100 
3/19/2001 CDM2 10 5/7/2003 CDM2 5200 
3/21/2001 CDM2 290 5/7/2003 CDM2 570 
3/21/2001 CDM2 250 5/8/2003 CDM2 19000 
3/21/2001 CDM2 19400 5/8/2003 CDM2 23000 
3/21/2001 CDM2 17300 5/8/2003 CDM2 3600 
3/22/2001 CDM2 4400 5/8/2003 CDM2 10400 
3/22/2001 CDM2 3700 5/9/2003 CDM2 12000 
3/22/2001 CDM2 1400 5/15/2003 CDM2 1600 
3/23/2001 CDM2 310 5/16/2003 CDM2 540 
5/21/2001 CDM2 77000 5/16/2003 CDM2 510 
5/22/2001 CDM2 45000 5/16/2003 CDM2 530 
5/22/2001 CDM2 35000 5/16/2003 CDM2 1100 
5/22/2001 CDM2 29000 5/16/2003 CDM2 22000 
5/23/2001 CDM2 25000 5/17/2003 CDM2 16000 
5/24/2001 CDM2 500 5/17/2003 CDM2 34000 
3/4/2003 CDM2 130 5/17/2003 CDM2 42000 
3/5/2003 CDM2 34000 5/17/2003 CDM2 16000 
3/5/2003 CDM2 60000 5/17/2003 CDM2 4000 
3/5/2003 CDM2 66000 5/17/2003 CDM2 3400 
3/5/2003 CDM2 2700 7/9/2003 CDM2 320 
3/6/2003 CDM2 30000 7/10/2003 CDM2 2400 
3/6/2003 CDM2 37000 7/10/2003 CDM2 140000 
3/6/2003 CDM2 35000 7/10/2003 CDM2 84000 
3/7/2003 CDM2 270 7/10/2003 CDM2 122000 
4/21/2003 CDM2 80 7/10/2003 CDM2 123000 
5/1/2003 CDM2 3300 7/10/2003 CDM2 170000 
5/2/2003 CDM2 320 7/10/2003 CDM2 175000 
5/2/2003 CDM2 1000 7/10/2003 CDM2 116000 
5/2/2003 CDM2 36000 7/10/2003 CDM2 25000 
5/2/2003 CDM2 57000 7/11/2003 CDM2 1700 
5/2/2003 CDM2 39000 7/11/2003 CDM2 460 
5/2/2003 CDM2 53000 9/22/2003 CDM2 160 
5/3/2003 CDM2 36000 9/23/2003 CDM2 600 
5/3/2003 CDM2 67000 9/23/2003 CDM2 149000 
5/3/2003 CDM2 51000 9/23/2003 CDM2 182000 
5/3/2003 CDM2 17000 9/23/2003 CDM2 107000 
5/4/2003 CDM2 18000 9/23/2003 CDM2 73000 
5/6/2003 CDM2 4700 9/24/2003 CDM2 10400 
5/6/2003 CDM2 95000 10/14/2003 CDM2 360 
5/6/2003 CDM2 177000 10/14/2003 CDM2 100 
 73 
Table C2 (continued)     
10/14/2003 CDM2 56000 8/30/2004 CDM2 300 
10/15/2003 CDM2 9000 8/30/2004 CDM2 620000 
10/15/2003 CDM2 17000 8/30/2004 CDM2 520000 
10/15/2003 CDM2 17000 8/30/2004 CDM2 460000 
10/15/2003 CDM2 14000 8/30/2004 CDM2 410000 
10/15/2003 CDM2 21000 8/30/2004 CDM2 360000 
10/15/2003 CDM2 23000 8/31/2004 CDM2 540000 
10/15/2003 CDM2 22000 8/31/2004 CDM2 310000 
10/16/2003 CDM2 200 8/31/2004 CDM2 270000 
1/15/2004 CDM2 140 9/1/2004 CDM2 3300 
1/22/2004 CDM2 180 9/2/2004 CDM2 300 
1/29/2004 CDM2 1800 6/29/2000 CDM3 34000 
2/5/2004 CDM2 220 7/6/2000 CDM3 1900 
4/21/2004 CDM2 1800 7/20/2000 CDM3 7300 
4/29/2004 CDM2 170 8/10/2000 CDM3 500 
5/6/2004 CDM2 5400 9/14/2000 CDM3 1200 
5/13/2004 CDM2 400 9/28/2000 CDM3 1600 
7/7/2004 CDM2 20000 10/12/2000 CDM3 240 
7/7/2004 CDM2 20000 10/26/2000 CDM3 120 
7/7/2004 CDM2 20000 11/9/2000 CDM3 50 
7/7/2004 CDM2 20000 5/21/2001 CDM3 16000 
7/7/2004 CDM2 190 5/22/2001 CDM3 30000 
7/7/2004 CDM2 140 5/22/2001 CDM3 10000 
7/7/2004 CDM2 1500 5/22/2001 CDM3 26000 
7/8/2004 CDM2 20000 5/23/2001 CDM3 4900 
7/8/2004 CDM2 20000 10/24/2002 CDM3 400 
7/8/2004 CDM2 20000 10/29/2002 CDM3 500 
7/9/2004 CDM2 1500 10/29/2002 CDM3 73000 
7/27/2004 CDM2 10 10/30/2002 CDM3 17000 
7/27/2004 CDM2 440 10/30/2002 CDM3 5200 
7/27/2004 CDM2 200000 10/30/2002 CDM3 4700 
7/27/2004 CDM2 200000 10/31/2002 CDM3 3600 
7/27/2004 CDM2 200000 11/1/2002 CDM3 500 
7/27/2004 CDM2 200000 1/15/2004 CDM3 10 
7/27/2004 CDM2 32000 1/22/2004 CDM3 270 
7/27/2004 CDM2 84000 1/29/2004 CDM3 70 
7/27/2004 CDM2 111000 2/5/2004 CDM3 140 
7/28/2004 CDM2 44000 4/21/2004 CDM3 1400 
7/29/2004 CDM2 151000 4/29/2004 CDM3 250 
7/30/2004 CDM2 15000 5/6/2004 CDM3 5700 
8/5/2004 CDM2 31000 5/13/2004 CDM3 5400 
8/12/2004 CDM2 156000 8/5/2004 CDM3 100 
8/19/2004 CDM2 1400 8/12/2004 CDM3 8000 
8/26/2004 CDM2 2400 8/19/2004 CDM3 1200 
8/30/2004 CDM2 260 8/26/2004 CDM3 2300 
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Table C3: CDM E. coli Sample Data for Waterbody 3 
Date Site 
E. coli 
concentration 
(CFU/100mL) 
Date Site 
E. coli 
concentration 
(CFU/100mL) 
4/20/2005 CDM4 90 1/5/2006 CDM5 30 
5/2/2005 CDM4 140 1/6/2006 CDM5 10 
5/3/2005 CDM4 60 2/2/2006 CDM5 10 
6/7/2005 CDM4 1600 11/28/2006 CDM5 50 
6/8/2005 CDM4 480 5/8/2007 CDM5 36 
8/25/2005 CDM4 60 5/14/2007 CDM5 10 
11/17/2005 CDM4 2500 5/15/2007 CDM5 109 
11/18/2005 CDM4 570 4/20/2005 CDM6 60 
1/4/2006 CDM4 600 5/2/2005 CDM6 20 
1/5/2006 CDM4 160 5/3/2005 CDM6 10 
1/6/2006 CDM4 230 6/7/2005 CDM6 430 
2/2/2006 CDM4 50 6/8/2005 CDM6 280 
11/28/2006 CDM4 60 8/25/2005 CDM6 30 
5/8/2007 CDM4 9 11/17/2005 CDM6 290 
5/14/2007 CDM4 80 11/18/2005 CDM6 380 
5/15/2007 CDM4 20 1/4/2006 CDM6 370 
4/20/2005 CDM5 10 1/5/2006 CDM6 40 
5/2/2005 CDM5 40 1/6/2006 CDM6 30 
5/3/2005 CDM5 30 2/2/2006 CDM6 20 
6/7/2005 CDM5 540 11/28/2006 CDM6 10 
6/8/2005 CDM5 180 5/8/2007 CDM6 11 
8/25/2005 CDM5 70 5/14/2007 CDM6 10 
11/17/2005 CDM5 380 5/15/2007 CDM6 10 
11/18/2005 CDM5 230 5/16/2007 CDM6 9 
1/4/2006 CDM5 340    
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Appendix D. Method Used to Determine the Distribution of Ingested 
Volumes for Swimmers 
 
 
 
A distribution for total ingestion was determined by separately producing 
forecasts for children and adults, and then combining the forecasts.  At the sites on 
Waterbody 1 and Waterbody 2, children were assumed to swim for an average of 2.5 
hours per day (Eisenberg, Seto et al. 1996), with the distribution of actual swimming 
times being normal, and to ingest an average of 50mL/hour (Eisenberg, Seto et al. 1996; 
Dufour, Evans et al. 2006), with the distribution of actual ingestion being lognormal.  The 
distribution of time was assumed to be normal because of the high average and the 
unlikeliness of more than 5 -6 hours of activity in a given day, and the ingestion 
distribution was assumed to be lognormal because of the possibility of significantly more 
than 50mL being ingested by an individual child. 
Adults were assumed to swim for an average of 0.5 hours per day (Eisenberg, 
Seto et al. 1996) at the sites on Waterbody 1 and Waterbody 2, with the distribution of 
actual swimming times being gamma distributed, and to ingest an average of 25mL/hour 
(Eisenberg, Seto et al. 1996; Dufour, Evans et al. 2006), with the distribution of actual 
ingestion being normal.  The distribution of swimming time was assumed to be gamma 
distributed due to the low average and the possibility of a small proportion of adults 
swimming in excess of an hour in a day, and the ingestion distribution was assumed to be 
normal because adults are much less likely than children to ingest large quantities of 
water while swimming. 
Random values from both of these distributions were then chosen and multiplied 
for both children and adults over the course of 10,000 trials to determine a distribution 
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representing the total ingestion estimate for each. The two estimates were combined by 
setting up a uniform distribution between 0 and 1 from which values would randomly be 
chosen over the course of 40,000 trials. If the chosen value was above a specified value, 
the swimmer would be assumed to be a child, while if the value was below, the swimmer 
would be assumed to be an adult.  For the purposes of this estimate, it was assumed that 
there would be 3x more children than adults swimming at any given time (Dufour, Evans 
et al. 2006), so the chosen value for the uniform distribution was 0.25001. 
For the sampling sites on Waterbody 3, all exposure was assumed to occur via 
aerosols generated from boating and fishing, which would significantly reduce the 
volume of water ingested.  For these sites an equivalent ingested volume of 1.4mL was 
utilized in the preliminary analysis, which accounts for an estimated ingestion of 1mL for 
adults, and in excess of 1mL for children.  In the refined analysis, the estimated ingested 
volume was modified from a singular value to a distribution.  This change recognizes that 
not every person will ingest the same amount of water.  The distribution which was 
applied was a Lognormal distribution with a mean of 1 and a standard deviation of 2, 
reflecting the assumption that 95% of the people exposed while engaging in non-
swimming activities would ingest less than 5mL of water. 
The resulting distributions for ingestion volume could then be combined with the 
distributions of bacteria concentrations to determine individual dose for all sites.
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Appendix E. Descriptions of Distributions Fitted For Preliminary Analysis 
of Each Sampling Site 
 
 
 
 
 
Table E1: Distribution Parameters For Preliminary Analysis of all Sampling Sites (* 
indicates selected distribution) 
Sample Site 
Indicator 
Organism 
Sample 
Size 
Distribution 
K-S 
goodness 
of fit 
α = 0.05 
level 
Parameters 
Weibull* 0.12 
Location = 2.02 
Scale = 1.03 
Shape = 1.28 
Gamma 0.14 
Location = 2.08 
Scale = 0.99 
Shape = 0.90 
Site 1 
Enterococcus 
spp. 
34 
Lognormal 0.15 
0.23 
Mean = 2.97 
Std. Dev. = 0.73 
Weibull 0.28 
Location = 0.40 
Scale = 1.27 
Shape = 1.25 
Gamma 0.32 
Location = 0.47 
Scale = 2.74 
Shape = 0.41 
Site 2 
Enterococcus 
spp. 
32 
Lognormal* 0.22 
0.24 
Mean = 1.66 
Std. Dev. = 1.38 
Weibull 0.28 
Location = 0.42 
Scale = 1.05 
Shape = 1.23 
Gamma 0.34 
Location = 0.47 
Scale = 2.39 
Shape = 0.39 
Site 3 
Enterococcus 
spp. 
32 
Lognormal* 0.24 
0.24 
Mean = 1.45 
Std. Dev. = 1.11 
Weibull 0.31 
Location = 0.45 
Scale = 1.11 
Shape = 1.20 
Gamma 0.33 
Location = 0.47 
Scale = 2.57 
Shape = 0.40 
Site 2 and 
Site 3 - 
Pooled 
Enterococcus 
spp. 
64 
Lognormal* 0.24 
0.17 
Mean = 1.54 
Std. Dev. = 1.23 
Weibull* 0.11 
Location = 2.04 
Scale = 1.13 
Shape = 1.55 
Gamma 0.09 
Location = 2.10 
Scale = 0.53 
Shape = 1.82 
Upstream of 
Site 4 
 
Enterococcus 
spp. 
36 
Lognormal 0.15 
0.23 
Mean = 3.06 
Std. Dev. = 0.65 
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Table E1 (continued)      
Weibull* 0.11 
Location = 0.74 
Scale = 2.61 
Shape = 3.57 
Gamma 0.11 
Location = -1.33 
Scale = 0.12 
Shape = 36.92 
Downstream 
of Site 4 
 
Enterococcus 
spp. 
36 
Lognormal 0.10 
0.23 
Mean = 3.10 
Std. Dev. = 0.78 
Weibull* 0.13 
Location = 1.44 
Scale = 1.51 
Shape = 1.64 
Gamma 0.14 
Location = 1.50 
Scale = 0.54 
Shape = 2.41 
Upstream of 
Site 5 
Enterococcus 
spp. 
34 
Lognormal 0.15 
0.23 
Mean = 2.80 
Std. Dev. = 0.81 
Weibull* 0.15 
Location = 1.09 
Scale = 1.73 
Shape = 1.75 
Gamma 0.15 
Location = 1.16 
Scale = 0.55 
Shape = 2.70 
Downstream 
of Site 5 
Enterococcus 
spp. 
34 
Lognormal 0.15 
0.23 
Mean = 2.64 
Std. Dev. = 0.88 
Weibull* 0.09 
Location = 0.92 
Scale = 2.90 
Shape = 3.15 
Gamma 0.10 
Location = -1.82 
Scale = 0.15 
Shape = 34.59 
Waterbody 2 E. coli 33 
Lognormal 0.11 
0.24 
Mean = 3.53 
Std. Dev. = 1.00 
Weibull 0.12 
Location = 0.89 
Scale = 1.06 
Shape = 1.45 
Gamma 0.14 
Location = 0.95 
Scale = 1.02 
Shape = 0.88 
Waterbody 3 
 
E. coli 
188 
Lognormal* 0.15 
0.10 
Mean = 1.85 
Std. Dev. = 0.73 
Weibull* 0.13 
Location = 0.15 
Scale = 4.01 
Shape = 3.63 
Gamma 0.17 
Location = -3.89 
Scale = 0.17 
Shape = 45.56 
Waterbody 1 
 
E. coli 
49 
Lognormal 0.18 
0.19 
Mean = 3.79 
Std. Dev. = 1.34 
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Appendix F. Preliminary Monte Carlo Analysis Results 
 
 
 
F.A Risk for recreators from Enterococcus spp. based on bacterial 
concentration per 100mL 
 
Figure F1: Individual risk estimate, Site 1, dose based on 100mL ingestion volume 
and dose response based on Dufour (1984) model for Enterococcus spp. 
 
 
 
 
Figure F2: Individual risk estimate, Site 2, dose based on 100mL ingestion volume 
and dose response based on Dufour (1984) model for Enterococcus spp. 
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Figure F3: Individual risk estimate, Site 3, dose based on 100mL ingestion volume 
and dose response based on Dufour (1984) model for Enterococcus spp. 
 
 
 
 
 
Figure F4: Individual risk estimate, Site 2 and Site 3 combined, dose based on 
100mL ingestion volume and dose response based on Dufour (1984) model for 
Enterococcus spp. 
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Figure F5: Overall risk estimate, Site 2 and Site 3 combined, dose based on 100mL 
ingestion volume, dose response based on Dufour (1984) model for Enterococcus 
spp., use frequency based on survey data. 
 
 
 
 
 
Figure F6: Individual risk estimate, upstream of Site 4, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for Enterococcus 
spp. 
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Figure F7: Individual risk estimate, downstream of Site 4, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for Enterococcus 
spp. 
 
 
 
 
 
Figure F8: Overall risk estimate, downstream of Site 4, dose based on 100mL 
ingestion volume, dose response based on Dufour (1984) model for Enterococcus 
spp., use frequency based on survey data. 
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Figure F9: Individual risk estimate, upstream of Site 5, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for Enterococcus 
spp. 
 
 
 
 
 
Figure F10: Individual risk estimate, downstream of Site 5, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for Enterococcus 
spp. 
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F.B Risk for recreators from E. coli based on bacterial concentration per 
100mL.  Data provided by CDM. 
 
 
 
 
Figure F11: Individual risk estimate, Waterbody 2, dose based on 100mL ingestion 
volume and dose response based on Dufour (1984) model for E. coli. 
 
 
 
 
Figure F12: Individual risk estimate, Waterbody 3, dose based on 100mL ingestion 
volume and dose response based on Dufour (1984) model for E. coli. 
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Figure F13: Overall risk estimate, Waterbody 3, dose based on 100mL ingestion 
volume, dose response based on Dufour (1984) model for E. coli, use frequency 
based on survey data. 
 
 
 
 
 
Figure F14: Individual risk estimate, Waterbody 1, dose based on 100mL ingestion 
volume and dose response based on Dufour (1984)  model for E. coli. 
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Figure F15: Overall risk estimate, Waterbody 1, dose based on 100mL ingestion 
volume, dose response based on Dufour (1984) model for E. coli, use frequency 
based on survey data. 
 
 
 
F.C Risk for recreators from Enterococcus spp. based on distribution of 
ingested volumes 
 
 
 
 
Figure F16: Individual risk estimate, Site 1, dose based on distrubtion of ingested 
volumes from Eisenberg et al. (1996) and Dufour et al. (2006) and dose response 
based on Dufour (1984) model for Enterococcus spp.    
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Figure F17: Individual risk estimate, Site 2, dose based on assumed non-swimmer 
ingestion volume of 1.4mL and dose response based on Dufour (1984) model for 
Enterococcus spp.   
 
 
 
 
 
Figure F18: Individual risk estimate, Site 3, dose based on assumed non-swimmer 
ingestion volume of 1.4mL and dose response based on Dufour (1984) model for 
Enterococcus spp.   
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Figure F19: Individual risk estimate, Site 2 and Site 3 combined, dose based on 
assumed non-swimmer ingestion volume of 1.4mL and dose response based on 
Dufour (1984) model for Enterococcus spp.   
 
 
 
 
 
 
Figure F20: Overall risk estimate, Site 2 and Site 3 combined, dose based on 
assumed non-swimmer ingestion volume of 1.4mL, dose response based on Dufour 
(1984) model for Enterococcus spp., use frequency based on survey data.   
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Figure F21: Individual risk estimate, upstream of Site 4, dose based on distribution 
of ingested volumes from Eisenberg et al. (1996) and Dufour et al. (2006) and dose 
response based on Dufour (1984) model for Enterococcus spp.   
 
 
 
 
 
Figure F22: Individual risk estimate, downstream of Site 4, dose based on 
distribution of ingested volumes from Eisenberg et al. (1996) and Dufour et al. 
(2006) and dose response based on Dufour (1984) model for Enterococcus spp.   
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Figure F23: Overall risk estimate, downstream of Site 4, dose based on distribution 
of ingested volumes from Eisenberg et al. (1996) and Dufour et al. (2006), dose 
response based on Dufour (1984) model for Enterococcus spp., use frequency based 
on survey data.   
 
 
 
 
 
Figure F24: Individual risk estimate, upstream of Site 5, dose based on distribution 
of ingested volumes from Eisenberg et al. (1996) and Dufour et al. (2006) and dose 
response based on Dufour (1984) model for Enterococcus spp.   
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Figure F25: Individual risk estimate, downstream of Site 5, dose based on 
distribution of ingested volumes from Eisenberg et al. (1996) and Dufour et al. 
(2006) and dose response based on Dufour (1984) model for Enterococcus spp.   
 
 
 
F.D Risk for recreators from E. coli based on distribution of ingested 
volumes.  Data provided by CDM. 
 
 
 
 
Figure F26: Individual risk estimate, Waterbody 2, dose based on distribution of 
ingested volumes from Eisenberg et al. (1996) and Dufour et al. (2006) and dose 
response based on Dufour (1984) model for E. coli.   
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Figure F27: Individual risk estimate, Waterbody 3, dose based on assumed non-
swimmer ingestion volume of 1.4mL and dose response based on Dufour (1984) 
model for E. coli.   
 
 
 
 
Figure F28: Overall risk estimate, Waterbody 3, dose based on assumed non-
swimmer ingestion volume of 1.4mL, dose response based on Dufour (1984) model 
for E. coli, use frequency based on survey data.   
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Figure F29: Individual risk estimate, Waterbody 1, dose based on distribution of 
ingested volumes from Eisenberg et al. (1996) and Dufour et al. (2006) and dose 
response based on Dufour (1984) model for E. coli.   
 
 
 
 
Figure F30: Overall risk estimate, Waterbody 1, dose based on distribution of 
ingested volumes from Eisenberg et al. (1996) and Dufour et al. (2006), dose 
response based on Dufour (1984) model for E. coli, use frequency based on survey 
data.   
 94 
Appendix G. Statistical Comparison of 1st vs. 2nd Samples Collected at Each 
Site 
 
 
 
Table G1: P-values For Statistical Comparison of 1
st
 vs. 2
nd
 Samples  
 P-value for Each Indicator Organism 
Sample Site Enterococcus spp. Fecal Coliform E. coli 
Site 1 0.998 0.806 1 
Site 2 0.905 0.999 1 
Site 3 0.999 0.925 1 
Upstream of Site 4 0.999 0.925 0.979 
Downstream of Site 4 0.999 0.999 1 
Upstream of Site 5 0.999 0.999 0.699 
Downstream of Site 5 0.988 0.925 1 
 
 
 
G.A R code for determination of P-values 
 
x <- read.table("DataFile1.RData") 
y <- read.table("DataFile2.RData") 
 
ks.test(x$V1, y$V1) 
 
Note: Each .RData file was a text file containing one group of data for either a first or second 
sample.  This was intended to make coding and application simpler.
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Appendix H. Distribution and Goodness of Fit Parameters for Refined 
Analysis of Each Sampling Site 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table H1: Distribution Parameters For Refined Analysis of all Sampling Sites 
(* indicates selected distribution) 
Sample Site 
Indicator 
Organism 
Weather 
Sample 
Size 
Distribution 
K-S 
goodness 
of fit 
α = 
0.05 
level 
Parameters 
Weibull 0.323 
Shape: 229.771 
Scale: 4.346 
Gamma 0.320 
Shape: 20.433 
Scale: 0.149 
Wet 10 
Lognormal* 0.344 
0.410 
Mean: 3.665 
Std. Dev.: 0.773 
Weibull 0.193 
Shape: 251.719 
Scale: 3.916 
Gamma 0.241 
Shape: 21.204 
Scale: 0.137 
Enterococcus 
spp. 
Dry 19 
Lognormal* 0.163 
0.301 
Mean: 2.738 
Std. Dev.: 0.551 
Weibull 0.363 
Shape: 173.826 
Scale: 4.347 
Gamma 0.382 
Shape: 18.134 
Scale: 0.167 
Wet 6 
Lognormal* 0.352 
0.521 
Mean: 3.592 
Std. Dev.: 0.559 
Weibull 0.268 
Shape: 192.976 
Scale: 3.795 
Gamma 0.316 
Shape: 21.134  
Scale:0.139 
Site 1 
E. coli 
Dry 12 
Lognormal* 0.184 
0.375 
Mean: 2.459 
Std. Dev.: 0.485 
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Table H1  
 
 
 
 
 
 
(continued) 
      
Weibull 0.225 
Shape: 162.822 
Scale: 3.230 
Gamma 0.233 
Shape: 19.366 
Scale: 0.163 
Wet 10 
Lognormal* 0.182 
0.410 
Mean: 2.338 
Std. Dev.: 0.754 
Weibull 0.328 
Shape: 115.378 
Scale: 3.145 
Gamma 0.382 
Shape: 4.733 
Scale: 32.492 
Enterococcus 
spp. 
Dry 18 
Lognormal* 0.323 
0.309 
Mean: 1.469 
Std. Dev.: 0.676 
Weibull 0.208 
Shape: 131.565 
Scale: 3.236 
Gamma 0.247 
Shape: 20.570 
Scale: 0.141 
Wet 6 
Lognormal* 0.276 
0.521 
Mean: 2.951 
Std. Dev.: 0.292 
Weibull 0.258 
Shape: 86.935 
Scale: 2.232 
Gamma 0.268 
Shape: 25.639 
Scale: 4.395 
Site 2 
E. coli 
Dry 12 
Lognormal* 0.256 
0.375 
Mean: 1.471 
Std. Dev.: 0.498 
Weibull 0.179 
Shape: 93.836 
Scale: 2.302 
Gamma 0.181 
Shape: 26.093 
Scale: 6.13 
Wet 10 
Lognormal* 0.197 
0.410 
Mean: 1.618 
Std. Dev.: 0.514 
Weibull 0.268 
Shape: 139.823 
Scale: 3.093 
Gamma 0.322 
Shape: 16.463 
Scale: 0.289 
Enterococcus 
spp. 
Dry 18 
Lognormal* 0.227 
0.309 
Mean: 1.605 
Std. Dev.: 0.707 
Weibull 0.323 
Shape: 115.371 
Scale: 2.789 
Gamma 0.338 
Shape: 21.731 
Scale: 0.142 
Wet 6 
Lognormal* 0.302 
0.521 
Mean: 2.136 
Std. Dev.: 0.433 
Weibull 0.203 
Shape: 88.934 
Scale: 2.223 
Gamma 0.212 
Shape: 8.703 
Scale: 15.977 
Site 3 
E. coli 
Dry 12 
Lognormal* 0.228 
0.375 
Mean: 1.524 
Std. Dev.: 0.436 
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Table H1 
 
 
 
 
 
 
(continued) 
      
Weibull 0.227 
Shape: 229.396 
Scale: 4.471 
Gamma 0.223 
Shape: 19.957 
Scale: 0.152 
Wet 10 
Lognormal* 0.256 
0.410 
Mean: 3.825 
Std. Dev.: 0.526 
Weibull 0.185 
Shape: 257.567 
Scale: 3.844 
Gamma 0.219 
Shape: 21.197 
Scale: 0.137 
Enterococcus 
spp. 
Dry 20 
Lognormal* 0.165 
0.294 
Mean: 2.832 
Std. Dev.: 0.500 
Weibull 0.366 
Shape: 155.726 
Scale: 4.288 
Gamma 0.386 
Shape: 18.043 
Scale: 0.167 
Wet 6 
Lognormal* 0.360 
0.521 
Mean: 3.570 
Std. Dev.: 0.519 
Weibull 0.256 
Shape: 188.655 
Scale: 3.069 
Gamma 0.220 
Shape: 21.040 
Scale: 0.136 
Upstream of 
Site 4 
E. coli 
Dry 12 
Lognormal* 0.192 
0.375 
Mean: 2.676 
Std. Dev.: 0.163 
Weibull 0.195 
Shape: 218.736 
Scale: 4.478 
Gamma 0.193 
Shape: 19.968 
Scale: 0.152 
Wet 10 
Lognormal* 0.185 
0.410 
Mean: 3.813 
Std. Dev.: 0.528 
Weibull 0.177 
Shape: 262.635 
Scale: 3.928 
Gamma 0.209 
Shape: 21.461 
Scale: 0.136 
Enterococcus 
spp. 
Dry 20 
Lognormal* 0.129 
0.294 
Mean: 2.911 
Std. Dev.: 0.612 
Weibull 0.258 
Shape: 170.041 
Scale: 4.244 
Gamma 0.259 
Shape: 18.137 
Scale: 0.167 
Wet 6 
Lognormal* 0.228 
0.521 
Mean: 3.675 
Std. Dev.: 0.443 
Weibull 0.167 
Shape: 202.538 
Scale: 3.533 
Gamma 0.154 
Shape: 20.277 
Scale: 0.143 
Downstream 
of Site 4 
E. coli 
Dry 12 
Lognormal* 0.206 
0.375 
Mean: 2.934 
Std. Dev.: 0.392 
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Table H1 (continued)       
Weibull 0.300 
Shape: 213.627 
Scale: 4.548 
Gamma 0.289 
Shape: 20.186 
Scale: 0.151 
Wet 10 
Lognormal* 0.332 
0.410 
Mean: 3.590 
Std. Dev.: 0.878 
Weibull 0.233 
Shape: 237.462 
Scale: 3.956 
Gamma 0.255 
Shape: 19.613 
Scale: 0.152 
Enterococcus 
spp. 
Dry 19 
Lognormal* 0.184 
0.301 
Mean: 2.507 
Std. Dev.: 0.634 
Weibull 0.324 
Shape: 159.971 
Scale: 4.239 
Gamma 0.346 
Shape: 17.732 
Scale: 0.170 
Wet 6 
Lognormal* 0.293 
0.521 
Mean: 3.400 
Std. Dev.: 0.628 
Weibull 0.149 
Shape: 164.789 
Scale: 2.716 
Gamma 0.125 
Shape: 21.287 
Scale: 0.137 
Upstream of 
Site 5 
E. coli 
Dry 12 
Lognormal* 0.112 
0.375 
Mean: 2.318 
Std. Dev.: 0.237 
Weibull 0.304 
Shape: 205.241 
Scale: 4.491 
Gamma 0.290 
Shape: 19.705 
Scale: 0.158 
Wet 10 
Lognormal* 0.333 
0.410 
Mean: 3.326 
Std. Dev.: 1.138 
Weibull 0.211 
Shape: 225.033 
Scale: 3.960 
Gamma 0.289 
Shape: 18.775 
Scale: 0.163 
Enterococcus 
spp. 
Dry 19 
Lognormal* 0.157 
0.301 
Mean: 2.367 
Std. Dev.: 0.698 
Weibull 0.358 
Shape: 158.000 
Scale: 4.220 
Gamma 0.383 
Shape: 19.028 
Scale: 0.157 
Wet 6 
Lognormal* 0.344 
0.521 
Mean: 3.261 
Std. Dev.: 0.750 
Weibull 0.242 
Shape: 119.311 
Scale: 2.049 
Gamma 0.246 
Shape: 20.289 
Scale: 0.183 
Downstream 
of Site 5 
E. coli 
Dry 12 
Lognormal* 0.246 
0.375 
Mean: 1.691 
Std. Dev.: 0.334 
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H.A R code for determination of MLE 
 
Data<-read.table("DataFile.RData") 
 
lData<-log10(Data$V1) 
 
RlData<-rank(lData)/length(lData) 
 
gammapdf<-function(x,a,b) {(x^(a-1)*exp(-x/b))/(b^a*gamma(a))} 
 
library(stats4) 
 
mData<-length(Data) 
 
gammamle<-function(a=20,b=0.2) {(-mData*a*log(b)-mData*lgamma(a)+(a-
1)*sum(log(lData))-sum(lData)/b)^2} 
 
outDatagam<-mle(gammamle) 
 
GamShape<-coef(outDatagam)[1] 
 
GamScale<-coef(outDatagam)[2] 
 
logLik(outDatagam) 
 
weibullpdf<-function(x,a,k) {(k/a)*((x/a)^(k-1))*exp(-(x/a)^k)} 
 
weimle<-function(a=6,k=3.5) {-(mData*log(k)-mData*log(a)+(k-1)*sum(log(lData))-mData*(k-
1)*log(a)-(a^(-k))*sum(lData^k))} 
 
outDatawei<-mle(weimle, method='SANN') 
Weiscale<-coef(outDatawei)[1] 
Weishape<-coef(outDatawei)[2] 
logLik(outDatawei) 
 
Datamean<-mean(lData) 
 
Datasd<-sd(lData) 
 
 
H.B R code for determination K-S values 
 
require(stats4) 
controllist=list(trace=1,maxit=4000,reltol=1e-12); 
 
BD <- read.table("T14DownECDry.RData") 
RBD <- rank(BD$V1)/(length(BD$V1)+1) 
 
DevWei <- function(alphaX,betaX,BacTX) {-sum(log(dweibull(BacTX,alphaX,betaX))) } 
DevGam <- function(alphaX,betaX,BacTX) {-sum(log(dgamma(BacTX,alphaX,1,betaX))) } 
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DevLNorm <- function(alphaX,betaX,BacTX) {-sum(log(dlnorm(BacTX,alphaX,betaX))) } 
 
Wei_estimate <- mle(DevWei,  
                    start=list(alphaX=1,betaX=800),  
                    fixed=list(BacTX=BD$V1), 
                    method="Nelder-Mead") 
 
summary(Wei_estimate) 
 
j <- coef(Wei_estimate) 
Alpha_est_Wei <- j["alphaX"] 
Beta_est_Wei  <- j["betaX"] 
 
KSCheck_Wei <- ks.test(BD$V1,"pweibull",Alpha_est_Wei,Beta_est_Wei) 
KSCheck_Wei$statistic 
 
Gam_estimate <- mle(DevGam, 
                    start=list(alphaX=10,betaX=1000), 
                    fixed=list(BacTX=BD$V1), 
                    method="Nelder-Mead") 
j <- coef(Gam_estimate) 
Alpha_est_Gam <- j["alphaX"] 
Beta_est_Gam  <- j["betaX"] 
 
summary(Gam_estimate) 
 
KSCheck_Gam <- ks.test(BD$V1,"pgamma",Alpha_est_Gam,1,Beta_est_Gam) 
KSCheck_Gam$statistic 
 
LNorm_estimate <- mle(DevLNorm,  
                    start=list(alphaX=1,betaX=800),  
                    fixed=list(BacTX=BD$V1), 
                    method="Nelder-Mead") 
 
summary(LNorm_estimate) 
 
j <- coef(LNorm_estimate) 
Alpha_est_LNorm <- j["alphaX"] 
Beta_est_LNorm  <- j["betaX"] 
KSCheck_LNorm <- ks.test(BD$V1,"plnorm",Alpha_est_LNorm,Beta_est_LNorm) 
KSCheck_LNorm$statistic 
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Appendix I. Refined Monte Carlo Analysis Results 
I.A Risk for recreators from Enterococcus spp. based on bacterial 
concentraion per 100mL 
 
 
 
 
Figure I1: Individual risk estimate for wet weather, Site 1, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for Enterococcus 
spp. 
 
 
 
 
 
Figure I2: Individual risk estimate for dry weather, Site 1, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for Enterococcus 
spp. 
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Figure I3: Individual risk estimate for wet weather, Site 2, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for Enterococcus 
spp. 
 
 
 
 
 
Figure I4: Individual risk estimate for dry weather, Site 2, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for Enterococcus 
spp. 
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Figure I5: Overall risk estimate for wet weather, Site 2, dose based on 100mL 
ingestion volume, dose response based on Dufour (1984) model for Enterococcus 
spp., use frequency based on survey data. 
 
 
 
 
 
Figure I6: Overall risk estimate for dry weather, Site 2, dose based on 100mL 
ingestion volume, dose response based on Dufour (1984) model for Enterococcus 
spp., use frequency based on survey data. 
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Figure I7: Individual risk estimate for wet weather, Site 3, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for Enterococcus 
spp. 
 
 
 
 
 
Figure I8: Individual risk estimate for dry weather, Site 3, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for Enterococcus 
spp. 
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Figure I9: Overall risk estimate for wet weather, Site 3, dose based on 100mL 
ingestion volume, dose response based on Dufour (1984) model for Enterococcus 
spp., use frequency based on survey data. 
 
 
 
 
 
Figure I10: Overall risk estimate for dry weather, Site 3, dose based on 100mL 
ingestion volume, dose response based on Dufour (1984) model for Enterococcus 
spp., use frequency based on survey data. 
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Figure I11: Individual risk estimate for wet weather, upstream of Site 4, dose based 
on 100mL ingestion volume and dose response based on Dufour (1984) model for 
Enterococcus spp. 
 
 
 
 
 
Figure I12: Individual risk estimate for dry weather, upstream of Site 4, dose based 
on 100mL ingestion volume and dose response based on Dufour (1984) model for 
Enterococcus spp. 
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Figure I13: Individual risk estimate for wet weather, downstream of Site 4, dose 
based on 100mL ingestion volume and dose response based on Dufour (1984) model 
for Enterococcus spp. 
 
 
 
 
 
Figure I14: Individual risk estimate for dry weather, downstream of Site 4, dose 
based on 100mL ingestion volume and dose response based on Dufour (1984) model 
for Enterococcus spp. 
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Figure I15: Overall risk estimate for wet weather, downstream of Site 4, dose based 
on 100mL ingestion volume, dose response based on Dufour (1984) model for 
Enterococcus spp., use frequency based on survey data. 
 
 
 
 
 
Figure I16: Overall risk estimate for dry weather, downstream of Site 4, dose based 
on 100mL ingestion volume, dose response based on Dufour (1984) model for 
Enterococcus spp., use frequency based on survey data. 
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Figure I17: Individual risk estimate for wet weather, upstream of Site 5, dose based 
on 100mL ingestion volume and dose response based on Dufour (1984) model for 
Enterococcus spp. 
 
 
 
 
 
Figure I18: Individual risk estimate for dry weather, upstream of Site 5, dose based 
on 100mL ingestion volume and dose response based on Dufour (1984) model for 
Enterococcus spp. 
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Figure I19: Individual risk estimate for wet weather, downstream of Site 5, dose 
based on 100mL ingestion volume and dose response based on Dufour (1984) model 
for Enterococcus spp. 
 
 
 
 
 
Figure I20: Individual risk estimate for dry weather, downstream of Site 5, dose 
based on 100mL ingestion volume and dose response based on Dufour (1984) model 
for Enterococcus spp. 
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I.B Risk for recreators from Enterococcus spp. based on distribution of 
ingested volumes 
 
 
 
 
Figure I21: Individual risk estimate for wet weather, Site 1, dose based on 
distribution of ingested volumes for swimmers and dose response based on Dufour 
(1984) model for Enterococcus spp. 
 
 
 
 
 
Figure I22: Individual risk estimate for dry weather, Site 1, dose based on 
distribution of ingested volumes for swimmers and dose response based on Dufour 
(1984) model for Enterococcus spp. 
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Figure I23: Individual risk estimate for wet weather, Site 2, dose based on 
distribution of ingested volumes for non-swimmers and dose response based on 
Dufour (1984) model for Enterococcus spp. 
 
 
 
 
 
Figure I24: Individual risk estimate for dry weather, Site 2, dose based on 
distribution of ingested volumes for non-swimmers and dose response based on 
Dufour (1984) model for Enterococcus spp. 
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Figure I25: Overall risk estimate for wet weather, Site 2, dose based on distribution 
of ingested volumes for non-swimmers, dose response based on Dufour (1984) model 
for Enterococcus spp., use frequency based on survey data. 
 
 
 
 
 
Figure I26: Overall risk estimate for dry weather, Site 2, dose based on distribution 
of ingested volumes for non-swimmers, dose response based on Dufour (1984) model 
for Enterococcus spp., use frequency based on survey data. 
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Figure I27: Individual risk estimate for wet weather, Site 3, dose based on 
distribution of ingested volumes for non-swimmers and dose response based on 
Dufour (1984) model for Enterococcus spp. 
 
 
 
 
 
Figure I28: Individual risk estimate for dry weather, Site 3, dose based on 
distribution of ingested volumes for non-swimmers and dose response based on 
Dufour (1984) model for Enterococcus spp. 
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Figure I29: Overall risk estimate for wet weather, Site 3, dose based on distribution 
of ingested volumes for non-swimmers, dose response based on Dufour (1984) model 
for Enterococcus spp., use frequency based on survey data. 
 
 
 
 
 
Figure I30: Overall risk estimate for dry weather, Site 3, dose based on distribution 
of ingested volumes for non-swimmers, dose response based on Dufour (1984) model 
for Enterococcus spp., use frequency based on survey data. 
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Figure I31: Individual risk estimate for wet weather, upstream of Site 4, dose based 
on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for Enterococcus spp. 
 
 
 
 
 
Figure I32: Individual risk estimate for dry weather, upstream of Site 4, dose based 
on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for Enterococcus spp. 
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Figure I33: Individual risk estimate for wet weather, downstream of Site 4, dose 
based on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for Enterococcus spp. 
 
 
 
 
 
Figure I34: Individual risk estimate for dry weather, downstream of Site 4, dose 
based on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for Enterococcus spp. 
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Figure I35: Overall risk estimate for wet weather, downstream of Site 4, dose based 
on distribution of ingested volumes for swimmers, dose response based on Dufour 
(1984) model for Enterococcus spp., use frequency based on survey data. 
 
 
 
 
 
Figure I36: Overall risk estimate for dry weather, downstream of Site 4, dose based 
on distribution of ingested volumes for swimmers, dose response based on Dufour 
(1984) model for Enterococcus spp., use frequency based on survey data. 
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Figure I37: Individual risk estimate for wet weather, upstream of Site 5, dose based 
on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for Enterococcus spp. 
 
 
 
 
 
Figure I38: Individual risk estimate for dry weather, upstream of Site 5, dose based 
on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for Enterococcus spp. 
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Figure I39: Individual risk estimate for wet weather, downstream of Site 5, dose 
based on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for Enterococcus spp. 
 
 
 
 
 
Figure I40: Individual risk estimate for dry weather, downstream of Site 5, dose 
based on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for Enterococcus spp. 
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I.C Risk for recreators from E. coli based on bacterial concentration per 
100mL 
 
 
 
 
Figure I41: Individual risk estimate for wet weather, Site 1, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for E. coli. 
 
 
 
 
 
Figure I42: Individual risk estimate for dry weather, Site 1, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for E. coli. 
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Figure I43: Individual risk estimate for wet weather, Site 2, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for E. coli. 
 
 
 
 
 
Figure I44: Individual risk estimate for dry weather, Site 2, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for E. coli. 
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Figure I45: Overall risk estimate for wet weather, Site 2, dose based on 100mL 
ingestion volume, dose response based on Dufour (1984) model for E. coli, use 
frequency based on survey data. 
 
 
 
 
 
Figure I46: Overall risk estimate for dry weather, Site 2, dose based on 100mL 
ingestion volume, dose response based on Dufour (1984) model for E. coli, use 
frequency based on survey data. 
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Figure I47: Individual risk estimate for wet weather, Site 3, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for E. coli. 
 
 
 
 
 
Figure I48: Individual risk estimate for dry weather, Site 3, dose based on 100mL 
ingestion volume and dose response based on Dufour (1984) model for E. coli. 
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Figure I49: Overall risk estimate for wet weather, Site 3, dose based on 100mL 
ingestion volume, dose response based on Dufour (1984) model for E. coli, use 
frequency based on survey data. 
 
 
 
 
 
Figure I50: Overall risk estimate for dry weather, Site 3, dose based on 100mL 
ingestion volume, dose response based on Dufour (1984) model for E. coli, use 
frequency based on survey data. 
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Figure I51: Individual risk estimate for wet weather, upstream of Site 4, dose based 
on 100mL ingestion volume and dose response based on Dufour (1984) model for E. 
coli. 
 
 
 
 
 
Figure I52: Individual risk estimate for dry weather, upstream of Site 4, dose based 
on 100mL ingestion volume and dose response based on Dufour (1984) model for E. 
coli. 
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Figure I53: Individual risk estimate for wet weather, downstream of Site 4, dose 
based on 100mL ingestion volume and dose response based on Dufour (1984) model 
for E. coli. 
 
 
 
 
 
Figure I54: Individual risk estimate for dry weather, downstream of Site 4, dose 
based on 100mL ingestion volume and dose response based on Dufour (1984) model 
for E. coli. 
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Figure I55: Overall risk estimate for wet weather, downstream of Site 4, dose based 
on 100mL ingestion volume, dose response based on Dufour (1984) model for E. coli, 
use frequency based on survey data. 
 
 
 
 
 
Figure I56: Overall risk estimate for dry weather, downstream of Site 4, dose based 
on 100mL ingestion volume, dose response based on Dufour (1984) model for E. coli, 
use frequency based on survey data. 
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Figure I57: Individual risk estimate for wet weather, upstream of Site 5, dose based 
on 100mL ingestion volume and dose response based on Dufour (1984) model for E. 
coli. 
 
 
 
 
 
Figure I58: Individual risk estimate for dry weather, upstream of Site 5, dose based 
on 100mL ingestion volume and dose response based on Dufour (1984) model for E. 
coli. 
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Figure I59: Individual risk estimate for wet weather, downstream of Site 5, dose 
based on 100mL ingestion volume and dose response based on Dufour (1984) model 
for E. coli. 
 
 
 
 
 
Figure I60: Individual risk estimate for dry weather, downstream of Site 5, dose 
based on 100mL ingestion volume and dose response based on Dufour (1984) model 
for E. coli. 
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I.D Risk for recreators from E. coli based on distribution of ingested 
volumes 
 
 
 
 
Figure I61: Individual risk estimate for wet weather, Site 1, dose based on 
distribution of ingested volumes for swimmers and dose response based on Dufour 
(1984) model for E. coli. 
 
 
 
 
 
Figure I62: Individual risk estimate for dry weather, Site 1, dose based on 
distribution of ingested volumes for swimmers and dose response based on Dufour 
(1984) model for E. coli. 
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Figure I63: Individual risk estimate for wet weather, Site 2, dose based on 
distribution of ingested volumes for non-swimmers and dose response based on 
Dufour (1984) model for E. coli. 
 
 
 
 
 
Figure I64: Individual risk estimate for dry weather, Site 2, dose based on 
distribution of ingested volumes for non-swimmers and dose response based on 
Dufour (1984) model for E. coli. 
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Figure I65: Overall risk estimate for wet weather, Site 2, dose based on distribution 
of ingested volumes for non-swimmers, dose response based on Dufour (1984) model 
for E. coli, use frequency based on survey data. 
 
 
 
 
 
Figure I66: Overall risk estimate for dry weather, Site 2, dose based on distribution 
of ingested volumes for non-swimmers, dose response based on Dufour (1984) model 
for E. coli, use frequency based on survey data. 
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Figure I67: Individual risk estimate for wet weather, Site 3, dose based on 
distribution of ingested volumes for non-swimmers and dose response based on 
Dufour (1984) model for E. coli. 
 
 
 
 
 
Figure I68: Individual risk estimate for dry weather, Site 3, dose based on 
distribution of ingested volumes for non-swimmers and dose response based on 
Dufour (1984) model for E. coli. 
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Figure I69: Overall risk estimate for wet weather, Site 3, dose based on distribution 
of ingested volumes for non-swimmers, dose response based on Dufour (1984) model 
for E. coli, use frequency based on survey data. 
 
 
 
 
 
Figure I70: Overall risk estimate for dry weather, Site 3, dose based on distribution 
of ingested volumes for non-swimmers, dose response based on Dufour (1984) model 
for E. coli, use frequency based on survey data. 
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Figure I71: Individual risk estimate for wet weather, upstream of Site 4, dose based 
on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for E. coli. 
 
 
 
 
 
Figure I72: Individual risk estimate for dry weather, upstream of Site 4, dose based 
on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for E. coli. 
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Figure I73: Individual risk estimate for wet weather, downstream of Site 4, dose 
based on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for E. coli. 
 
 
 
 
 
Figure I74: Individual risk estimate for dry weather, downstream of Site 4, dose 
based on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for E. coli. 
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Figure I75: Overall risk estimate for wet weather, downstream of Site 4, dose based 
on distribution of ingested volumes for swimmers, dose response based on Dufour 
(1984) model for E. coli, use frequency based on survey data. 
 
 
 
 
 
Figure I76: Overall risk estimate for dry weather, downstream of Site 4, dose based 
on distribution of ingested volumes for swimmers, dose response based on Dufour 
(1984) model for E. coli, use frequency based on survey data. 
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Figure I77: Individual risk estimate for wet weather, upstream of Site 5, dose based 
on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for E. coli. 
 
 
 
 
 
Figure I78: Individual risk estimate for dry weather, upstream of Site 5, dose based 
on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for E. coli. 
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Figure I79: Individual risk estimate for wet weather, downstream of Site 5, dose 
based on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for E. coli. 
 
 
 
 
 
Figure I80: Individual risk estimate for dry weather, downstream of Site 5, dose 
based on distribution of ingested volumes for swimmers and dose response based on 
Dufour (1984) model for E. coli. 
 
 
 
 
